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LECTURE  I. 


C/HEMISTRY  may  be  juftly  regarded  as  one 
of  the  moft  fublime  and  important  of  the  feien- 
ecs,  erahracing  in  its  obje6l  the  whole  of  natural 
phenomena;  there  being  few  changes,  com- 
paratively fpeaking,  that  are  not  attended  with 
fome  eifefts  which  come  under  the  confideration 
of  this  fcience. 

Some  chemifts  have  defined  this  fcience  nega- 
tively, by  affirming  that  every  effe6t  which  is 
not  merely  mechanical,  is  chemical,  and  in 
purfuing  this  view  of  the  fubjefl,  we  may  fay, 
that  chemiftry  as  a fcience,  teaches  the  methods 
eftimating  and  accounting  for  the  changes 
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produced  In  bodies^  by  inotions  of  their  parts 
among  each  other,  ^xhich  are  too  minute  to 
affedt  the  fenfes  individually  ; and  as  an  art, 
Ave  lliould  fay  that  it  confifts  in  the  application 
of  bodies  to  each  other,  the  bell  calculated  to 
produce  thofe  changes, 

IMacquer  fays,  that  chemifiry  is  a fcience 
Avhofe  objedl  is  to  inveftigate  the  properties  of 
bodies  by  analyfis,  and  fynthefis  ; and  Foiircroy 
defines  it  to  be  a fcience  which  gives  us  a 
knowledge  of  the  intimate  and  reciprocal  adlion 
of  all  bodies  on  each  other. 

It  would  take  up  too  much  time  to  point  out 
all  the  advantages  which  fociety  derives  from 
chcmiftry ; it  Avill  only  be  neceffary  to  notice 
a few  of  the  moll  remarkable,  with  a view  of 
^xciting'attention,  and  iliowing  that  it  is  not  a 
fcience  merely  calculated  to  gratify  curiofity, 
and  afford  entertainment. 

’".Among  the  arts  depending  upon  chemiftiy’’, 
ma}'^  be  enumerated  the. making  of  bricks  and 
tiles,  porcelain,  and  in  fliort,  all  forts  of  earthen- 
ware ; the  making  of  glafs ; the  arts  of  "extradl- 
ing,  melting,  and  purifying  metals,  and  unit- 
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ing  them  with  each  other ; the  formation  of 
vinous  liquors  by  fermentation  ; the  cliflillation 
of  fpirits  ; the  making  of  vinegar,  all  depend 
upon  chemiftry.  The  art  of  cookery  is  like- 
wife  indebted  to  this  fclence,  as  well  as  the  arts 
of  tanning,  currying,  and  the  manufadlure  of 
■\rhite  leather,  and  of  hats. 

^ To  the  apothecary  an  extenfive  knowledge  of 
this  fcience  is  abfolutely  neceflary,  to  under- 
ftand  what  alterations  the  fubftances  which  he 
employs  may  undergo,  that  he  may,  when 
necelfary,  prevent  or  correct  thenl ; and  that 
he  may  know'  the  combinations  and  decompo- 
fitions  which  take  place  when  different  drugs 
are  mixed  together. — Numerous  miflakes  have 
arifen  from  a want  of  knowledge  of  chemical 
combination  and  decompofition  in  the  prepara- 
tion of  medicines. 

Chemiftry  is  no  lefs  ufeful  to  the  phjTiciaii 
than  to  the  apothecary,  as  it  enables  him  to 
preferibe  with  prudence  and  fuccefs,  and  to 
apply  Avith  advantage  thofe  powerful  remedies, 
which  tlie  praftitioner,  ignorant  of  chemiftry, 
adminifters  with  a timid  and  uncertain  hand. 
The  arts  of  dying,  bleaching,  and  calliCo-print- 
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ing,  depend  upon  cliemiftry ; and  by  means  of 
tills  fcience,  foine  of  them  have  been  lately  won- 
derfully improved.  From  what  has  been  faid,  it 
muft  be  evident  that  chemiftry  is  the  corner-ftone 
of  the  arts  ; and  the  fcience  of  agriculture  is 
much  more  clofely  connedted  with  chemiftry  than 
has  generally  been  imagined.  The  farmer  fhould 
know  how  to  mix  different  kinds  of  earth  and 
manure,  fo  as  to  furnifli  the  proper  nourifh- 
ment  to  plants  in  due  quantity.  The  preven- 
tion and  cure  of  the  difeafes  of  vegetables, 
and  the  method  of  deftroying  the  infers  which 
devour  them,  depend  chiefly  on  a knowledge 
of  chemiftry. 

The  working  of  mines,  and  indeed  the  whole 
of  mineralogy,  depends  upon  chemiflry ; this 
fcience  teaches  us  to  extraft  the  different  metals 
from  their  ores,  and  to  render  them  fubfervient 
to  the  various  purpofes  of  life. 

'file  advantages  of  chemiftry  are  not  however 
confined  to  the  agriculturift,  the  natural  philo- 
fopher,  the  mineralogift,  the  phyfician,  or  the 
artill— its  phenomena  are  interefting  to-all  claffes 
of  people,  and  its  applications  arc  fo  numerous, 
that  there  are  few  circuinftances  which  occur  in 
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life,  in  wlilch  we  do  not  derive  pleafurc  and  ad- 
vantage from  the  knowledge  of  its  principles. 

Having  pointed  out  in  a general  way  the 
utility  of  chemiftry,  I iliall  proceed  to  give  a 
very  fliort  hiftorical  fketch  of  this  fcience. 

r 

The  origin  of  chemiftry  is  involved  in  the 
fame  obfcurity  as  that  of  the  arts  and  fciences 
in  general.  What  Mofes  fays  of  Tubal  Cain, 
proves  that  one  part  of  metallurgic  chemiftry, 
was  underftood  by  that  patriarch.  Tubal  Cain 
would  feem  to  be  the  fame  perfon  mentioned  in 
fabulous  hiftory  by  the  name  of  Vulcan.  For 
many  ages  after  the  flood,  we  have  no  certain 
accounts  of  the  ftate  of  chemiftry : the  chemical 
Ikill  of  Mofes  difplayed  in  his  diftblving  the 
golden  calf,  has  generally  been  adduced  as  a 
proof  of  the  flouvifliing  ftate  of  chemiftry  among 
the  Egyptians,  in  whofe  learning  he  is  faid  to 
have  been  well  verfed.  It  feems  moft  probable, 
however,  that  Mofes  did  not  dilTolve  the  calf, 
but  only  ground  it  to  powder,  and  fufpended  it 
in  water. 

But  whatever  we  may  think  of  this  circum- 
ftance,  it  is  certainly  among  the  more  ancient 

B 3 Egyptians 
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Egyptians  that  we  ought  to  place  the  origin  of 
this  fcience.  The  firft  of  this  nation  mentioned 
as  a cheraift,  was  Athotis,  furnamed  Hermes,  or 
Mercnrius,  who  was  a king  of  Thebes  ; the 
next  king  of  Egypt,  who  was  a chemiR,  was 
Siphoas,  who  lived  800  years  after  Athotis,  and 
about  1900  before  Chrift ; he  was  furnamed  by 
the  Greeks,  Hermes,  or  Mercnrius  Trifmasrif- 
tus.  Democritus  of  Abdera,  who  lived  about 
500  years  before  Chrift,  travelled  into  Egypt, 
and , obtained  a knovdedge  of  their  che- 
miftry. 

After  the  lapfe  of  feveral  ages,  during  which 
the  progrefs  of  this  fcience  'cannot  be  traced, 
we  again  find  veftiges  of  it  among  the  Arabs. 
In  the  lilnth  centurv'  Gebber  wrote  three  works 
on  chemiftry,  in  which' fome  ufeful  fafts  are  to 

^ r 

be  found  ; in  tlie  tenth  century  lived  Rhafis, 

* 

phyfician  to  the  hofpital  at  Bagdat ; who  firft 
applied  Ghcmiftry  to  medicine.  'In  the  eleventh 
century  appeared  Avicenna,  a'  chemical  phyfi- 
bian  like  Rhaifis,  and  a man  of  great  knowledge 
and  abilities,  ndiich  elevated  him  to  the  office 
of  grand  vizier  ; but  the  debau  ched  life  he  led 
foon  caiifed  his  depofition. 

According 
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Arcortling  to  Avritera  on  alcheiiiy,  the  art  of 
making  gold  hadi  been  known  for  a, long  timo;. 
but  tills  notion  was  jearaiiec]  to  its  height  between 
the.  eleventli  auR  fixteentlv  centuries,  ^vhen  a 
great  .part  of  Europe  was  filled  with:  fearphers 
for  the  pbilofopher’s-ftcine.  Ampng-thoib  fi.ngvh 
lar  men,  .werepartieiularly  diftingnifijediA-lhevtus 
a\fagnus,  Roger  Bacon,  Arnaod>le  ^iheneave, 
Ilaymond  Liilly,  and  Bafiie  Valentine-'  >! 

1 1 ’ • ■ ■ •)  ui!?  • i i.-v.  > ot  'i'.'i'  ■' 

Although  • the  . alchemifts  were  completely 

foiled  in  their  refearches,  3'et  in  the  fixteenth 
century  Av,e  find  a great  number  of  perfons  fired 
Ijy  thehenthufiafm,  of  a gafcqnading,  chemift, 
called  Paracelfus,  who  pretended  to  have  difr 
covered  an  univerfal  remedy  ; feveral  of  his  fol- 
lowers who  advanced  thp  fcience  confiderably, 
were  by  no  means  cured, of  the  madnefs  which 
he  had  communicated  ; ;;among  thefe,  we  may 
mention  Caffius,  Libayius,  and  Van-Helmont. 

I 

Chemiftry  had  not  hitherto  been  treated  in  a 
philofophical  manner,^  being  entirely  compofed 
of  unconnefted  fa6ls  but  towards  the  middle 
of  the  feventeenth  century,  Barner,  phyfician. 
to  the  king  of  Poland,  publifiied  a methodical 
arrangement  of  the  fads  then  known  ; his  work 
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is  valuable,  as  being  the  firft  that  places  che- 
miftry  among* the' faiences.  Bohine  afterwards 
wrote  a philofophical  treatife  on  chemiftry, 
which  was  efteemed  as  an  elementary  work  ; 
but  Becher  went  much  farther  than^  any  .of 
them  ; he  colledled  all  the  chemical  difcoveries 
that  had  been  .made,  and  defcribed,  with  fur- 
prifing  clearnefs,  all  the  phenomena  then  known. 
He  was  followed  by  the  celebrated  Stahl,  who 
undertook  to  elucidate  the  dodlrines  of  Becher, 
and  in  accounting  for  many  chemical  pheno- 
mena, he  pretended  to'denionftrate  the  prefence 
of  a principle  of  inflammability,  which^he  called 
phlogifton : his  theory  was  followed* till  lately 
by  moft  cheinifts,  ^ ' • 

■ ' 1.;;  . 

Boerhaave  cultivated  chemiftry,  and  enriched 
it  with  many  valuable  difcoveries,  and  the  cele- 
brated  Macquer,  contributed  the  moft  of  any  to 
the  advancement  of  this  faience, 

Stahl,  entirely  occupied  in  attempting  to  de- 
monftrate  the  prefence  of  phlogifton,  overlooked 
the  influence  of  air,  on  moft  of  the  phenomena 
which  he  explained  by  his  favourite  principle  : 
but  Lavoifier  afterwards  proved,  by  a variety  of 
experiments,  that  a part  of  the  atmofphere  coin^ 
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bines  with  bodies  during  their  calcination  and 
burning  : this  gave  rife  to  a fet  of  chemifts  who  - 
began  to  doubt  the  exiftence  of  phlogifton,  and 
who  attributed  to  the  abforption  or  clifengage- 
nient  of  pure  air,  all  the  effects  which  Stahl 
thought  were  owing  to  the  difengagement  or 
abforption  of  plilogifton.  This  dodrine  polfelfes 
many  advantages  over  that  of  Staid,  as  it  does 
not  involve  the  fuppofition  of  a lubflance  whofe 
exiftence  cannot  be  proved  ; and  it  accounts 
for  alinoft  all  the  phenomena  in  an  eafy  and 
fimple  manner,  fo  that  it  is  now  almoft  univer- 
fally  adopted. 

On  the  Hillory  of  Chemiftry,  fee  Fotircroy’s  Elemens 
D’HiftoIre  Nat.  et  de  Chimie.  Tom.  I. — ^Encyclop. 
Method.  Art.  Chimie. — Gren.— Boerhaave’s  Che- 
Pliftry.  . . ;>■ 
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» • » • ; ♦ < » f , 

T'  ' • • ■ ' 

HE  particles  of  matter  are  with  a 

reciprocal  attractive  force,  which 'caufes  that 
arrangement  we  fee  take  place  among  the  difi 
ferent  bodies  of  the  univerfe.  This  attraction 
exifts  either  between  particles  of  the  fame  kind, 
or  between  pai’ticles  of  different  kinds:  the 
former  is  called  affinity  of  aggregation,  or  at- 
traction of  cohehon;  the  latter,  attraction  of 
combination,  or  cleCtive  attraction. — The  at- 
traction of  cohefion  has  very  little  effeCt  when 

«/ 

bodies  are  diftant,  but  w'hen  they  are  brought 
into  contact,  they  unite  firmly  together.  This 
kind  of  attraction  modifies  the  apparent,  or 
phyfical  properties  of  bodies,  without  influ- 
encing in  a fenfible  manner  their  chemical  pro- 
perties. The  attraction  of  cohefion  is  ftronger, 
the  nearer  the  particles  of  a body  approach 
■ .*  . towards 
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towards  contad,  and  every  thing  which  tends 
to  feparate  thefe  particles,  weakens  or  oppofes 
this  attradive  force;  this  effed  is  produced  by 
heat,  which  entering,  or  combining  Muth 
bodies,  diminifhes  the  force  of  attradion.  Ac- 
cording: to  the  deg;ree  with  which  this  force  is 
counteraded  by  heat,  bodies  appear  in  different 
forms,  which  may  in  general  be  reduced  to  the 
following:  the  hard,  or  folid  aggregate,  the 
foft  aggregate,  the  fluid,  and  the  aeriform  ag^^ 
gregate.  Thefe  different  Torms  are  only  diff 
ferent  degrees  of  the  fame  attradion,  and  many 
bodies  are  capable  of  exifting  in  them  all. 

Befides  this  attradion  exifting  , between  par- 
ticles of  the  fame  kind,  bodies  of  different  na- 
tures exert  upon  each  other  an  attradion  more 
or  lefs  ftrong;  and  it  is  by  means  of  this  force, 
Arhich  is  called  the  attradion  of  combination, 
that  all  chemical  changes  are  effeded. 

t 

The  phenomena  of  the  attradion  of  combi- 
nation are  regulated  by  the  following  laws. 

t 

I.  It  only  takes  place  between  the  primary, 
or  conftituent  particles  of  bodies. 


II.  The 
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II.  The  attra6lion  of  combination  between 
two  or  more  bodies,  is  inveifely  as  the  attrac- 
tion of  cohefion. 

III.  When  two  or  more  bodies  unite  together, 
in  eonfequenceof  the  attraction  of  combination, 
their  temperature  becomes  changed. 

IV.  The  compound  which  rcfults  from  the 
combination  of  two  bodies,  has  properties  per- 
fectly different  from  thofe  of  its  conftituent 
parts. 

V.  Every  body  has  different  degrees  of  attrac- 
tion, or  affinity^  for  the  different  bodies  with 
M hich  it  unites. 

The  affinity  of  compofition  has  received  dif- 
ferent names  from  its  efteCts,  and  has  been  di- 
vided into  three  claffes  : fimple  affinity,  double 
affinity,  and  intermediate  affinity. 

When  two  principles  united  together,  are  fe- 
parated  by  means  of  a third,  this  is  faid  to  be 
pcrformetl  by  Jimple  affinity,  ov  Jingle  derive 
attraction. 
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It  often  happens,  liowever,  that  when  a body 
is  compounded  of  two  others,  this  combination 
cannot  be  deftroyed  either  by  a third,  or  a 
fourth  body,  feparately  applied  ; but  if  both 
thefe  bodies  be  mixed  M^ith  the  compound  body, 
it  is  then  decompounded : this  is  called  double 
affinity,  or  double  elective  attraEtion.  The  cafe 
of  intermediate  affinity  is,  when  two  bodies  that 
have  no  fenfible  affinity  with  each  other,  are 
united  by  a fubftance  which  has  an  attradion  for 
both. 

It  has  been  a fubjedl  much  difputed  among 
chemifts,  whether  the  attra6lion  of  cohefion  and 
combination,  be  the  fame  force  that  Newton 
denominated  gravity.  The  facls  of  which  we 
are  polfefled,  will  not  how^ever  enable  us  to  de- 
cide the  queftion  ; but  we  may  conclude,  that 
if  chemical  affinity,  and  attra61ion  of  gravita- 
tion, be  one  and  the  fame  force,  the  difference 
which  exifbs  in  the  phenomena  produced  by 
them,  ffiews  that  it  is  modified  by  particular 
circumftances : of  this  we  fiiall  be  couA'inced, 
if  we  compare  what  we  know  of  Newton's  at- 
traction of  gravitation,  w’ith  the  facts  of  which 
we  are  pofieffed  concerning  cliemical  affinity. 


The 
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The  firft  takes  place  between  large  maffes, 
and  is  proportioned  to  the  quantity  of  matter; 
the  latter  exills  only  between  the  fmall,  and  in- 
timate component  particles  of  bodies,  and  does 
not  take  place  at  all  between  bodies  of  confi- 
dcrable  fize.  The  attradtion  of  gravitation  takes 
place  at  all  diftances  ; cliemical  atti^dlion  only 
when  the  particles  are  indefinitely  near. 

See  Bergman’s  Differtation  on  EleSive  Attraflions. — 
Fourcroy’s  Elemens  D’Hiftoire  Naturalle  et  de  Chimie. 
Tom.  I. — Encyclop.  Method.  Art.  Chimie. — Supple- 
ment to  Encyclop.  Brit.  Art.  Chemillry,  &c. 
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I^EAT,  in  a philofophical  fenfe,  denotes  the 
caufe  of  that  power  which  bodies  poffefs  of  ex- 
citing the  fenfations  of  heat,  or  coldnefs ; 
though  thefe  terms  are  not  alwa3’s  fufficieiitly 
accurate,  owing  to  our  ufing  a variable  ftaiidard 
of  comparifon : for  in  this  inftance  our  fenfa- 
tions are  not  to  be  trufted,  becaiife  the  fame 
body  may  appear  hot  to  one  perfon,  and  cold 
to  another,  or  even  hot  and  cold  to  the  fame 
perfon.  Hence  it  is  neceffary,  in  order  to  avoid 
error,  that  the  fenfe  of  the  words  made  ufe  of 
Ihould  be  accurately  defined,  and  that  fome 
fixed  ftandard  of  comparifon  be  made  ufe  of 
inftead  of  the  human  bodv. 

Two  opinions  have  long  divided  the  fcientific 
world  refpeding  the  nature  of  heat:  the  one  is, 

that 
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tliat  it  confifts  of  a peculiar  motion,  or  vibration 
of  the  parts  of  bodies;  the  other  fuppofes  that 
lieat  is  a fubftance,  or  fluid,  whofe  greater  or 
lefs  quantity  produces  a higher  or  lower  tem- 
perature. This  enquiry,  however,  will  be 
neither  ufeful,  or  neccflliry,  in  the  firft  fteps  of 
our  inveftigation ; for  fince  effects  are  ahvays 
proportioned  to  their  caufes,  we  may  fpeak  of 
the  quantities  of  heat  in  bodieSj  without  de- 
ciding whether  they  be  occafioned  by  quantities 
of  motion,  or  quantities  of  matter. 

The  fluid,  or  motion,  or  whatever  it  be,  whiqh 
caufes  thd  fenfation  of  heat  in  our  bodies,  has 
been  called  caloric  by  the  reformers  of  the 
chemical  nomenclature ; and  this  is  perhaps 
the  mod  unexceptionable  term  that  could  have 
been  chofen,  fince  it  accords  with  every  opinion 
refpefting  the  caufe  of  heat.  Setting  afide 
therefore  all  enquiries  concerning  the  nature  of 
heat,  we  fliall  here  confine  ourfelves  to  its  ef- 
fe61s,  or  phenomena;  and  fhall  firll  confider  the 
moft  general  of  them,  which  heat  produces  on 
the  fimpler  kinds  of  bodies. 

% 

The  firft,  and  moft  obvious  effe6l  which  heat 
produces  on  bodies,  is  expanfion.  Experience 

has 
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iias  taught  us,  that  at  all  times  when,  we  add 
heat  to  a body,  ^ve  encreafe  its  bulk : this  is  a 
very  general  rule ; the  exceptions  are  few,  and 
will  be  noticed  afterwards:  the  only  difference 
is  in  the  degree,  or  quantity  of  expaiifion  pro- 
duced by  equal  additions  of  lieat,  in  which 
there  are  fcarcely  two  bodies  that  agree  together. 
In  general  denfe  bodies  expand  lefs  than  rare ; 
but  though  this  may  be  looked  upon  as  a kind 
of  general  rule,  there  are  feveral  exceptions  to 
it. 

It  is  owing  to  this  expanfion  that  the  motion 
of  time-pieces  is  rendered  erroneous ; but  the 
ingenuity  of  the  artift  has  difeovered  a method 
of  obviating  this,  by  employing  the  greater 
expanfion  of  one  metal,  to  counteradl  that  of 
another;  this  is  effected  in  what  is  called  the 
gridiron  pendulum:  upon  the  fame  principle 
has  been  contrived  a particular  conftrudlion  of 
watchesj 

Bodies  which  are  brittle,  or  which  want  flexi- 
bility, crack  or  break,  if  fuddenly  heated,  or 
cooled : this  depends  upon  the  expanfive  power 
of  heat,  that  ftretches  the  furface  to  which  it 
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IS  applied,  while  the  other  parts  not  being 
equally  heated,  do  not  expand  equally,  and  are 
of  courfe  torn  afunder ; hence,  veffels  which 
are  to  ftand  a fuddcn  heat,  ought  to  be  very 
thin.  This  effe6l  of  heat  has  been  applied  to 
feveral  ufeful  purpofes  in  the  arts. 

There  are,  however,  fome  exceptions  to  this 
very  general  effe6t  of  heat,  and  particularly  in 
the  cafe  of  watei-;  Avhich,  when  cooled  down 
to  the  freezing  point,  inftead  of  contracting  on 
the  further  application  of  cold,  expands  with 
prodigious  force;  and  this  circuinftance  enables 
us  to  explain  feveral  curious  fa6ls.  The  reafon 
of  this  expanfion  has  not  been  properly  ex- 
plained, but  may  perhaps  depend,  as  Dr.  Black 
fuppofes,  on  fome  polarity  in  the  attraftion, 
which  difj)ofes  the  particles  of  the  water  to  unite 
into  a folid,  and  which  at  the  fame  time  dif- 
pofes  them  to  run  into  certain  lines  and  figures, 
inftead  of  uniting  fimply  together;  in  confe- 
quence  of  which,  little  vacuities  will  be  left  in 
the  mafs,  caufing  it  to  occupy  more  room. 

Another  exception  to  this  general  rule,  occurs 
in  the  cafe  of  caft-iron,  which  fwells,  or  ex- 
pands 
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panels  conficlerably  in  the  a6b  of  becoming 
follcl ; and  this  is  the  realbn  why  it  takes  fo  fine 
and  /harp  an  impreffion  from  the  iliould. 

There  is  oiie  curious  obfervation  refpecting 
the  hiftory  of  heat,  namely,  that  it  never  adds 
in  the  leafi;  to  the  weight  of  a body ; foine  expe- 
riments which  were  thought  to  prove  the  con- 
trary, have  been  made,  but  they  are  by  no^ 
means  decifivCi 

• We  ought  to  have  this  e/fe6t  which  heat  pof- 
felfes  of  expanding  bodies  in  view,  when  we 
confider  their  fpecific  gravitiesa 

Some  bodies  condu6l  heat  much  more  quickly 
than  others;  metals,  for  inftance,  conduct  heat 
with  much  greater  rapidity,  than  wood,  glafsj 
or  earthenware;  and  on  this  account  hot  liquors 
grow  cold  fooneft  in  metallic  velTels* 

Heat  is  greatly  retarded  in  its  progrefs,  by 
rare  and  fpungy  fubftances,  fuch  as  cork, 
feathers,  or  wool ; which  keep  the  body  warm, 
by  preventing  its  heat  from  efcaping,  and  not 
by  any  warmth  which  they  themfelves  poflefs  : 
in  the  fame  manner,  fnow  prote6ls  the  furface 
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of  the  earth  from  the  intcnfe  cold,  which  would 
be  fatal  to  vegetation. 

i 

If  any  number  of  inanimate  bodies,  of  dif- 
ferent temperatures,  be  brought  together,  in  a 
place  where  there  is  no  pofitive  caiife  of  heat, 
the  heat  will  flow  from  the  hotter  bodies  to  the 
colder,  till  there  be  an  equilibrium.  - But  this 
is  by  no  means  the  cafe  with  refpecl  to  animated 
matter ; for,  whatever  be  the  degree  of  heat 
peculiar  to  individual  animals,  they  preferve  it 
nearly  unchanged  in  every  temperature  ; which 
thews,  that  they  neither  receive  their  heat  from 
the  bodies  furrounding  them,  nor  fuffer  from 
external  circumftances,  any  material  alterations 
in  their  heat ; this  leaves  us  no  room  to  doubt, 
that  they  are.  furniihed  with  a power  of  gene- 
rating,  fupporting,  and  regulating  their  own 
temperature.  We  fliall  afterwards  be  enabled 
to  fee  on  what  this  power  depends. 

See  Piftet’s  Eflay  on  Fire. — Rumford’s  Eflays. — Marline’s 
on  the  Conftruftion  and  Graduation  of  Thermometers. 
— Smeaton  in  Phil.  Trans,  xlviii. 
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E we  proceed  farther  refpedling  heat, 


it  will  be  neceffary  to  fay  fometliing  concerning 
thermometers;  which  are  \^ery  ufeful  inftru- 
ments,  and  which  have  greatly  enabled  us  to 
enlarge,  and  corre(5t  our  ideas  refpe<6ling  heat. 
The  invention  of  the  thermometer  is  involved 
in  obfcurity,  but  Sandtorio  feems  to  have  the 
bell  claim  to  it : he  appears  to  have  been  the 
lirft  who- noticed  the  expanlive  power  of  heat; 
and  obferving  it  in  the  cafe  of  air,  thought  of 
employing  it  to  afcertain  the  different  degrees 
of  heat,  San6torio’s  aerial  thermometer,  after- 
wards improved  by  Mi\  Boyle,  was  remarkably 
fenfible;  but,  as  it  was  liable  to  be  affedled  by 
variations  in  the  weight  of  the  atmofphere,  as 
well  as  of  its  heat,  it  could  not  be  depended  on. 
The  objc6l,  therefore,  was  to  conflrud  thermo- 
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meters  with  fome  other  fluid  than  air,  which 
would  not  need  to  have  anv  communication 
Avith  the  atmolphere.  Spirit  of  wine,  tinged  of 
a red  colour,  Avas  firfl  ufed  for  this  purpofe, 
and  is,  even  ftill,  preferred  by  fome ; though 
mercury  is  now  generally  ufed,  and  is  undoubt- 
edly the  moft  proper  fluid  for  the  purpofe.  The 
only  difficulty  Avhich  remained,  Avas  to  graduate 
them  in  fuch  a manner,  that  all  thermometers 
might  exa6lly  correfpond  Avith  each  other,  Avhicli 
at  fil’d  fight  was  by  no  means  obAuous.  The  firfl 
attempts  Av ere  A^ery  rude,  and  imperfe6f ; neither 
Avas  the  method  propofed  by  Mr.  Boyle  much  to 
be  trufted  to ; as  it  depended  on  the  nieafurer 
ment  of  the  capacity  of  the  ball,  and  bore  of 
the  tube,  by  mechanical  means,  Avhich  could 
not  accurately  be  done. 

It  was  afterwards  difcovered,  that  fome  bodies 
always  changed  their  form  at  the  fame  tempera- 
ture ; or,  that  Avhen  they  pafs  from  a folid,  to 
a fluid  date,  and  the  contrary,  they  ahvays  re- 
duce the  fluid  in  the  thermometer  tq  the  fame 
degree  of  expanfion ; fo  that,  by  obtaining 
tAvo  or  more,  fuch  fixed  points,  thermometers 
may  be  graduated  fo  as  to  correfpond  exactly 
with  each  other.  It  is  likcAvife  found,  that  the 
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dilatations  and  contractions  of  mercurial  ther- 
mometers, are  very  nearly  proportionate  to  the 
quantities  of  heat  communicated  to,  or  fub- 
ti-a6ted  from  them,  wliich  is  a very  fatisfaiStory 
difcovery;  this  was  afcertained  by  producing 
three  different  temperatures  independent  of  a 
thermometer,  and  which  were  intended  to  ferve 
as  a check  upon  it,  and  fliew  whether  it  pointed 
to  the  different  quantities  of  caloric  that  really 
obtained, 

Thefe  thermometers  are,  however,  liable  to 
fome  imperfe6lions : the  firft  is,  that  they  are 
incapable  of  meafuring  great  degrees  of  heat; 
becaufe  the  fluid  which  they  contain,  when 
heated  above  a certain  degree,  is  converted  into 
an  elaflic  vapour  that  would  burft  the  veflel. 

hlr.  "VVedgewood  has,  however,  contrived  an 
ingenious  method  of  meafuring  any  degrees  of 
heat,  however  intenfe,  by  means  of  fmall  pieces 
of  clay,  which,  contrary  to  the  general  rule  be- 
fore-mentioned, contra6l  in  proportion  to  the 
degree  of  heat  to  which  they  are  expofeJ. 

Another  inconvenience  to  which  thermome- 
ters are  Ihbjedt,  is,  that  we  cannot  by  means  of 
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them  afeertain  the  degree  of  heat  or  cold  that 
happens  in  our  abfence.  This  is  obviated  in  a 
great  meafure  by  Mr.  Sixe’s  ingenious  thermo- 
meter, the  indices  of  which  point  to  the  greateft 
degrees  of  heat  or  cold  that  take  place  during' 
any  length  of  time  that  the  obferver  may  be 
abfent.  This  thermometer,  though  very  inge- 
nioLifly  contrived,  is  too  complicated  for  com- 
mon life,  and  not  portable ; but  a much  more 
limple  one,  on  the  fame  principle,  ipight  be 
eafily  contrived. 

I 

]\Ir.  Keith  has  like  wife  contrived  a thermome- 
ter, which  marks  the  greateft  degrees  of  lieat  aii4 
cold  from  one  time  of  obfervation  to  another. 

There  are  a variety  of  fcales  adapted  to  ther-' 
mometers,  different  ones  being  ufed  in  ditferent 
countries;  which  is  a circumftance attended  with 
no  fmall  inconvenience  in  comparing  obferva- 
tions  that  have  been  made  with  various  thermo- 
meters ; and  it  is  much  to  be  wilhed  that  a gene- 
ral or  ftandard  fcale  were  adopted  The  fcale 
ufed  in  this  country  is  that  of  Farenheit,  which 
is  particularly  deferibed  in  the  lefture. 

On  Tkerjnpmeters,  fee  Martine’s  Eflays  on  the  Con- 
ftrudlion  and  Graduation  of  Thermometers. — Boyle’s 
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Phyfico.  Mec.  Exp. — Boerhaave’s  Chem,  Tent.  Acad. 
Cinient.— Mem.  Acad.  Sc.  1703,  1730. — Phil.  Tranf. 
Abr.  II.  p.  34.  and  VI.  2. — Mufchenbr.  Efl'.  Phys.-r-. 
Edin.  Trans.  Vol.  IV. — Blagden’?  Hiltory  of  tlja 
Congelation  of  Quickfilyer. 
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Pi  EAT  enters  with  equal  celerity  into  different 
kinds  of  bodies,  but  they  are  not  all  equally 
eafily  faturated  with  it,  or  in  other  Avords,  they 
have  unequal  capacities  for  receiving  it. 

The  celerity  Avith  Avhich  heat  pafles  from  hot- 
ter bodies  to  colder,  is,  ceteris  paribus^  in  pro- 
portion to  their  difference  of  temperature  ; and 
alfo  to  the  extent  of  contact.  Hence  the  excef-. 
five  floAvnefs  with  Avhich  heat  is  communicated 
from  one  part  to  another  in  bodies  that  are  more 
fpungy  and  light,  Avhile  it  readily  pafles  through 
thofe  that  are  denfe  and  heaA-y.  It  is  an  this 
account  that  light  fpungy  fubftances,  fuch  as 
feathers  and  avooI,  keep  us  Avarm  in  cold 
Aveather,  as  Avas  obferved  before.  From  thi^ 
likcAvife  Ave  fee  the  reafon  Avhy  fnoAV,  when  it 
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lies  pretty  thick  upon  the  furface  of  the  earth, 
prevents  its  being  cooled  much  below  the  freez-r 
ing  point,  and  thus  preferves  the  roots  of  vege- 
tables from  thofe  intenfe  colds  which  would 
otherwife  deflroy  them, 

The  power  which  bodies  have  to  allow  heat  a 
paffage  through  them,  is  called  their  conducting 
pffiver : thofe  that  allow  it  to  pafs  with  facility 
^re  called  good  condu8;ors:  thofe  through  which 
it  p^lfes  Avith  difficulty,  are  called  bad  comliic-r 
tors',  and  thofe  which  do  not  allow  it  to  pals 
at  all,  nonrConduBon, 

It  is  probable  that  all  foljds  condudl  heat  ir; 
fome  degree,  though  they  differ  veiy  much  in 
their  conducting  poAver.  Metals  are  the  bell 
conductors  of  caloric,  but  the  conducting  poAvers 
of  thefe  fubltagces  are  by  no  means  equal. 
Stones  feern  to  be  the  next  bell  coiiduclors. 
Glafs  conducts  heat  very  floAvly,  Avood  and 
charcoal  Itill  more  fo, 

Fluids  are  non-condu6tors  of  caloric.  They 
can  receive  it  indeed  from  other  fubltances, 
and  cgn  give  it  to  other  fubltances ; but  one 
particle  can  neither  receive  it  from,  nor  give  it 
to,  another  particle.  Before  a fluid  therefore 
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ran  be  heated  or  cooled,  every  particle  muft  go 
individually  to  the  fubhance  from  which  it  re- 
ceivcs,  or  to  which  it  gives  out  caloric.  Hence 
water  of  the  temperature  of  40°.  placed  above 
ice,  will  melt  as  much  of  it  in  the  fame  time, 
as  water  at  any  higher  temperature,  even  boil- 
ing hot  ; becaufe  water  at  40°.  is  heavier  than 
at  any  degree  below  it,  and  will  therefore  fink 
to  the  bottom,  in  which  Rate  its  temperature 
cannot  be  raifed  any  higher  by  fupevincumbent 
hot  water. 

We  daily  fee  bodies  rendered  fluid  by  means 
of  heat,  and  have  reafon  to  be  perfuaded,  that 
whenever  we  meet  with  fluidity,  it  is  always  an 
eftecT,  or  confequence  of  heat  : even  thofe 
bodies  which  appear  generally  in  a fluid  Rate, 
and  which  Rate  might  feem  to  be  natural  to 
them,  derive  their  fluidity  from  the  quantity  of 
heat  which  they  contain.  Heat  may  therefore 
be  confidered  as  the  caufe  of  fluidity  in  all 
bodies  whatever ; bqt  as  there  is  a great  diverRty 
V ith  regard  to  the  quantity  of  heat  neceffary  to 
produce  this  effect,  it  would  appear  that  there 
are  fome  other  circumRaiices  that  att'edl  their 
diljjolition  to  fluidity. 
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We  may  however  coiificler  all  fluid  bodies,  as 
folids  melted  by  heat,  but  whole  congealing 
point  is  lower  than  the  natural  temperature  of 
the  atmofphei’e. 

Some  philofophers  have  found  great  difficulty 
in-admitting  this  general' propofition  ; and  have 
thought  water  an  exception.  They  have  fup- 
pofed  fluidity  to  be  an  effential  quality  of 
water,  depending  upon  the  fpherical  figure  of 
its  particles,  and  that  its  freezing  depends  upon 
the  introdudfion  of  extraneous  bodies  ; of  this 
opinion  wa's  profeffor  Mufehenbrook,  who  has 
given  a number  of  arguments  in  favour  of  this 
fiippofition,  none  of  M’hich  are  however  fatis- 
factory. 

- It  has  been  generally  fuppqfed,  that  bodies  in 
paffing  from  a folid  to  a fluid  ftate,  receive  no 
more  heat  than  what  is  indicated  by  the  ther-^ 
mometer,  and  that  the  extrication  of  this  fenji* 
hie  heat,  is  fafficient  to  reduce  them  ao-ain  to 
a ftate  of  folidity  ; but  the  exceflive  flownefs 
with  which  ice  melts,  when  furrounded  by  an 
atmofphere,  many  degrees  above  froft,  and 
which  muft  therefore  be  conftantly  communi- 
cating heat  to  it ; as  well  as  fome  curious  phe- 
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iioinena  attending  the  freezing  of  water,  {hew 
that  the  heat  muft  be  received  in  fome  different 
manner. 

According  to  Dr.  Black,  the  fluidity  of  bodies 
does  not  depend  fo  immediately  upon  the  fehji- 
ble  heat  which  they  contain,  as  upon  a certain 
quantity  of  latciit  heat,  which  is  combined  with, 
or  lies  -concealed  in  the  mafs,  fo  as  not  to  ap- 
pear to  the  fenfe,  or  affefil  the  thermometer  ; 
but  which  is  ready  to  break  out,  and  affume 
the  ordinary  form  of  fenfible  moving  heat.  A 
certain  quantity  of  fenfible  heat  he  fuppofes 
necelfary  to  fluidity,  but  the  immediate  and  in- 
difpenfable  caufe  is,  the  entrance  of  a certain 
quantity  of  heat  which  becomes  chemically 
combined  with  the  body,  and  which  continues 
in  this  condition,  without  fuffering  any  in- 
creafe  or  diminution,  while  the  body  continues 
fluid ; but  when  it  paffes  to  the  folid  Rate,  this 
heat  becomes  difengaged,  and  enters  into  the 
furrounding  bodies,  augmenting  their  tempera- 
ture. A fluid  may  hence  be  confidered  as  a 
folk!  body  combined  with  caloric. — The  folid 
form  is  therefore  the  natural  Rate  of  water ; in 
a fluid  Rate,  it  is  a combination  of  ice  and  calo- 
ric. The  quantity  of  heat  which  enters  ice,  and 
V which 
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which  gives  it  fluidity  without  augmenting  its 
temperature,  may  be  calculated. 

Dr.  Black,  from  fome  experiments  which  he 
made,  fuppofes  the  heat  neceffary  to  melt  ice, 
without  augmenting  its  temperature,  to  be 
^ 147°;  but  fome  other  philofophers,  who  have 
confidered  the  fubjefl  more  accurately,  have 
found  that  ice  cannot  become  water,  unlefs  it 
receives  130°  of  heat.  This  ingenious  theory 
enables  us  to  explain  many  phenomena  relating 
to  heat  and  cold,  which  cannot  otherwife  be 
accounted  for  ; fuch  aS  the  exceflive  flownefs 
with  which  ice  melts  ; the  reafon  why  melted 
metals  when  in  large  quantity  are  fo  long  in 
becoming  folid,  &c. 

This  theory  will  likewife  explain  the  very  great 
degree  of  cold  which  may  be  produced  by  mix- 
ing neutral  falts  with  the  mineral  acids  in  vari- 
ous proportions.  The  cold  produced  in  this 
way  is  fo  intenfe,  that  mercury  may  be  frozen 
at  any  time  when  the  temperature  of  the  air 
does  not  exceed  85°  of  Farenheit’s  fcale.  A 
mixture  of  muriat  of  lime  and  fnow  produces 
a ftill  greater  degree  of  cold. — It  alfo  explains 

the 
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the  theory  of  the  manufa6lure  of  ice  cr^arhs,' 

&c. 


See  Pi£let’s  EfTay  on  Fire. — Crawford  on  Animal  Heat. 
— Greri’s  Principles  of  Modern  Chemiftry,  Vol.  I. 
chap.  II. — Lavoificr’s Elements. — Rumford*s  Eflays. — 
Walker  on  Cold. — Phil.  Tranf.  1795. — Pepys’s  Paper 
in  the  Philof.  Mag.  Vol.  III.  p.  76. — Fourcroy’s 
Elemens  d’Hiiioire  Nat.  et  de  Chimie.  Vol.  I. — Sup- 
plement 'to  the  Encyclopedia  Brit.  Art.  Chem. — - 
Kir  wan’s  Table  of  the  fpecif.c  heat  of  various- bodies 
in  Magellan’s  Treatife  on  Heat. 


( 


tS. 


‘I-,. 


LECTURE 


33 


) 


< 


r i.- 


-i  . ■! 


LECTURE  VI. 


.f:- 


To  form  a more  exa<5l  idea  of  the  convcrfion 
of  fluids  into  elaftic  vapours,  fuppofe  a fingle 
drop  of  water  put  into  a copper  or  brafs  globe, 
capable  of  holding  fome  gallons,  and  the  globe 
perfectly  exhaufled  of  its  air  ; if  we  apply  heat 
to  it,  and  had  an  opportunity  of  feeing  what 
happens  within,  we  fhould  find  that  the  water 
would  fuddenly  difappear,  and  affume  the  form 
of  a tranfparent  vapour,  which  would  imme- 
diately fill  the  whole  cavity  of  the  globe  in  an 
equable  manner  ; and  if  the  heat  be  further  in- 
creafed,  the  elafticity,  expanfion,  or  force  of  the 
vapour,  would  be  increafed  to  fuch  a degree  as 
to  burft  the  globe. 

In  general,  the  converfion  of  any  particular 
body  into  vapour,  depends  upon  its  being  heated 
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above  a certain  degree  ; and  this  vapour  imme- 
diately collapfes,  as  foon  as  the  heat  is  diminidicd 
below  that  degree. 

\ f • 

This  degree  is  much  hig-her  than  that  re- 
quired  to  convert  bodies  into  a {late  of  fluidity  ; 
and  every  body  has  a particular  degree  of  heat 
at  which  it  aflumes  the  form  of  vapour,  in  the 
fame  manner  as  each  requires  a peculiar  degree 
of  heat  to  reduce  it  to  fluidity.  It  is  not  found, 
liowever,  'that  th'ofc  bodies  which  foonefl  affume 
the  form  of  a fluid,  require  the  lowefl  degrees  of 
heat  to  convert  them  into  vapour  ; for,  though 
this  may  be  regarded  as  a kind  of  general  rule, 
there  are  many  exceptions  to  it. 

Thofe  fubftances  which  are  eafily  converted 
into  vapour,  are  called  volatile,  and  thofe  which 
, require  a very  flrong  heat,  are  called  Jijced. 

)Mi  : 

Tliough  tlie  degree  of  heat  required  to  con- 
vert a particular  body  into  vapour,  is  in  ge- 
neral nearly  the  fame,  yet  it  is  not  fo  Ready  as 
the  melting  point ; for  we  find,  that  when 
preluire  is  applied  to  the  furfaces  of  bodies,  it 
retards  very  much  their  conveiRon  into  vapour, 
and  enables  tlieih  to  bear  a much  greater  heat 

before 
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before  they  boil.  In  Papin’s  Digefter,  water 
will  bear  to  be  heated  nearly  red  hot,  without 
being  converted  into  vapour. 

Under  the  prelTure  of  the  atmofphere,  all 
bodies  are  found  to  receive  more  heat  than  they 
otherwife  would  do,  and  when  we  conhder  that 
this  prelfure  is  fifteen  pounds  upon  every  fquare 
inch,  we  fhall  not  be  furprized  that  it  fliould 
enable  water  to  bear  1G0°.  more  heat  before  it 
boils,  than  is  required  to  make  it  boil  in 
vacuo. 

If  a quantity  of  water  be  put  into  a fmall  re- 
tort, and  made  to  boil,  and  if  during  the  ebul- 
lition, the  mouth  of  the  retort  be  clofely  flop- 
ped, the  water  will  keep  boiling  for  a very  long 
time  after  the  application  of  heat  has  ceafed ; 
and  even  when  the  ebullition  ceafes,  it  may  be 
renewed,  by  dipping  the  retort  into  cold  water. 
This  is  owing  to  the  diminifhed  prelfure  upon 
the  furface  of  the  fluid  caufed  by  its  contrac- 
tion in  the  veffel. 

When  heat  is  applied  to  the  bottom  of  a vef- 
fel containing  Avater,  as  foon  as  it  becomes 
heated  to  a certain  degree,  it  is  affedled  with  that 
agitation  called  boiling,  Avhich  is  occafioned  by 
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the  fmall  bubbles  of  vapour  formed  at  the  bot- 
tom of  the  veffel,  Avhere  the  heat  enters  moft 
plentifully ; this  vapour  being  much  lighter 
than  the  water,  rifes  rapidly  through  it,  and  is 
thrown  up  to  the  furface  with  violence. 

The  violence  of  this  agitation  is  proportioned 
to  the  celerity  with  M'hich  heat  is  thrown  in ; 
and  however  long  or  violent  the  fluid  is  made 
to  boil,  it  will  not  become  the  leaft  hotter. 

The  operation  of  heat  in  producing  vapour, 
is  /imilar  to  its  operation  in  producing  fluidity. 
The  converlion  of  a body  into  vapour  does  not 
depend  fo  immediately  upon  the  quantity  of 
fenjible  heat,  as  upon  a quantity  of  heat  which 
, becomes  ablbibed,  ov  latent,  in  fuch  a manner 
as  not  to  be  evident  to  the  fenfe  of  touch,  or 
to  the  thermometer  ; but  which  is  ready  to 
break  out,  when  the  body  is  condenfed  into  the 
form  of  an  incompreflible  fluid. 

This  opinion  is  confirmed  by  feveral  ohferva- 
tions,  particularly  by  the  great  quantity  of  heat 
received  by  water  during  its  ebullition,  which 
<loes  not.  appear  in  the  vapour,  but  which  is 
given  out  by  the  vapour  when  it  is  condenfed 
in  tlie  procefs  of  diftillation. 
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There  are  other  examples  which  hiew  the 
change  of  fenfible  into  latent  heat,  during  the 
conveiTion  of  bodies  from  their  ordinary  ftate 
into  that  of  vapour.  If  the  bulb  of  a thermo- 
meter  be  mohlened  with  ether,  the  mercury 
will  fink  in  the  tube  on  the  evaporation  of  the 
ether ; and  if  the  preffure  of  the  air  be  removed 
from  the  furface  of  the  ether,  it  will  evaporate 
fo  quickly  as  to  produce  a veiy  great  degree  of 
cold  : if  a tube  be  filled  with  water,  and  im-* 
merfed  in  the  ether,  the  water  will  foon  be 

frozen  by  the  evaporation  of  the  ether.  ' •'* 

' iliod 

See  Lavoifier’s  Elements  of  Chemiftry. — Gren’s  Princi-^ 
pies  of  Modern  Chemiftry,  Vol.  I.  chap,  ii.- — 
ford’s  ElTays. — Piftet’s  Effay  on  Fire.— Fourcroy’s  Ele^^ 
mens  d’HIftoire  Nat.  et  de  Chimie,  Tom.  I, — Craw- 
ford on  Animal  Heat.  ''  ’ ‘ 
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X HOUGH  it  is  evident,  from  vdiat  lias  been 
faid,  that  the  diiferent  forms  under  which 
bodies  appear  depend  upon  their  latent  heat, 
or  caloric  which  is  combined  with  them  ; yet 
their  permanency,  or  continuance  in  any  form, 
de[x;nds  on  their  quantity  of  fenfible  heat. 
Water  is  folid  in  all  degrees  below  32°.  of  Fah- 
renheit’s fcale ; it  then  is  difpofed  to  combine 
with  caloric,  and  become  a fluid ; it  retains  its 
fluidity  under  the  ordinary  prelTure  of  the  at- 
mofphei’e,  till  its  fenfible  heat  is  augmented  to 
212°.  It  is  then  difpofed  to  abforb  a much 
larger  portion  of  caloric,  and  is  converted  into 
a gas,  or  elaftic  vapour,  in  which  flate  it  would 
ahvays  contiuue,  if  the  heat  of  the  atmofphere 
was  above  212°. 
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Ether  boils, '<?r  is  con  verted  fin  to.  an  Telaftic 
fluid,' when  heated '<np. to  106°;..and  if  vve  could 
keep  it  in  this  ;degfee  ot' heat;  it -would  always 
be  in  the  form  of  an;elaftic;fluid.’  '.’iM-i  >n  ■ 

, ffi'r  >3  ni'  ' li 

■ All  gafes,  or'  elallic  fluids,  thOreforCv  depend 
upon  the  combination  of  particular  fubftances 
with  caloric ; and  thofe  wliich  we  call  perma- 
nently elaftic,  ' are  . only  fo,  becaufe  we  cannot 
fo  far  reduce  their'  temperature,  as  to  difpofe 
them  to  part  with  their  latent  heat,  otherwife 
they  would  undoubtedly  become  fluid  or  folid. 

Though  the  vaporific  point  of  moll  bodies  is 
higher  than  what  is  neceffary  for  their  fluidity, 
this  is  not  the  cafe  with  regard  to  all ; for  there 
aie  fome  folid  bodies  which  begin  to  be  con- 
verted into  vapour  by  a fmaller  degree  of  heat 
than  is  neceffary  to  render  them  fluid. 

vFrom  obfervations  on  the  manner  in  which 
vapour  is  produced  from  different  bodies,  we 
can  underftand  fevTral  chemical  operations,  fuch 
as  evaporation,  diftillation,  and  fublimation. 
With  regard  to  evaporation,  we  may  lay  down 
the  following  general  confequences. 
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/'  1.  If  any  thermometer  be  plunged  into  an 

evaporable’  fluid,  and  immediately  taken  out 

again,  ithe  mercury  will  defcend  feveral  degrees 

while  the  bulb  is’ drying;  but  as  foon  as  the  fluid 

is  evaporated,  it  will  begin  to  rife,  and  continue 
* 

to  do  fo,  till  it  lias  acquired  the  temperature  of 
the  furrounding  air. 

r 

■ 2.  The  cold  produced  is  greater  in  proportion 
as  the  fluid  is  more  evaporable.  . . 

S.  If  the  evaporation  be  accelerated  by  any 
means,  excepting  heat,  the  cold  will  be  pro- 
portionally augmented. 

Though  the  property  of  producing  cold  by 
evaporation  has  been  but  lately  obferved  by 
chemifts,  yet  it  has  been  long  employed  by 
thofe  who' knew  nothing  of  the  operation.  In 
hot  climates  they  employ  it  to  cool  their  li- 
(jiiors,  and  even  to  keep  the  temperature  of  the 
body  cool.  ' 

...  i . t 

The  making  of  ice  in  warm  climates,  where 
it  is  one  of  the  luxuries  of  life,  depends  on  the 
fame  principle. 
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On  this  principle  alfo  we  can  fee  tlie  reafon 
why  the  air  over  a wood  or  forell  is  cooled  by 
evaporation  from  trees  and  fliriibs,  and  hence 
the  lhade  formed  by  vegetable  bodies  is  more 
elfedual  in  cooling  us;  than  the  lhade  of  rocks 
and  buildings. 

I 

When  the  human  body  is  heated,  the  vapour 
palfes  off  through  the  dcin  by  perfpiration.  If 
this  peifpiration  be  leffened,  Avhat  diould  eva- 
porate, heats  the  body  to  an  improper  degree. 
Hence  the  utility  of  remedies  which  promote 
perfpiration,  and  the  ufe  of  ether  when  applied 
to  the  temples  and  different  parts  of  the  furface 
of  the  body.  . • ■ ■ 

Spontaneous  evaporation  is  the  produ6tion  of 
a vapour  from  bodies,  diftinft  from  that  elaftic 
vapour  produced  by  increafmg  their  heat  above 
their  boiling  point ; it  is  produced  ffowly  and 
imperceptibly,  without  the  leaft  agitation  : it 
is  evident,  therefore,  that  it  muff  proceed  from 
the  furface,  and  is  accordingly  found  to  be 
more  copious  as  the  furface  is  increafed  ; but  if 
the  air,  loaded  with  this  vapour,  be  allowed  to 
ftagnate  upon  the  furfaces  of  the  bodies  from 
which  it  has  been  produced,  the  fluid  'will  not 

evaporate 
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evaporate  by  any  means  fo  faft  as  it  rlid  before- 
Hence,  in  calm  weather,  water  evaporates  more 
flowly  than  when  the  air  is  agitated  by  winds. 

The  production  of  this  vapour,  though  it 
does  not  appear  to  poflefs  any  elafticity,  depends, 
liowever,  upon  heat ; and  when  a confiderable 
quantity  of  it  has  been  produced,  and  the  lieat 
fuddenly  diminidied,  the  vapour  will  be  con- 
dciifcd,  and  form  a mill  or  dew  ; or  if  the  cold 
be  great,  a hoar  froft. 

Hence  may  be  explained  the  formation  of 
fogs  and  dews,  the  vifibility  of  our  breath  in 
winter;  the  tarniihing,  or  as  it  is  termed,  the 
fweating  of  cold  bodies  in  warm  and  damp 
rooms  ; the  fweating  of  windows,  and  their 
freezing  in  fuch  rooms. 

It  is  this  evaporation  which  is  going  on  from 
the  fuiface  of  tlie  fea,  lakes,  rivers,  and  the 
earth,  that  produces  the  vapour,  which  at  acci- 
tain  height  is  condenfed  by  cold  into  mift, 
and  compofes  clouds,  which  are  fufpended  at 
different  heights  in  the  atmofphere;  thefe  are 
carried  about  by  the  air,  are  liable  to  become 
eleClric,  and  in  confequence  of  this  produce 
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the  phenomena  of  thunder  and  lightning: 
thefe  clouds  being  farther  condenfed,  fall  in 
drops  of  rain,  which  form  fprings  and  lakes, 
from  Avdience  arife  rivers  and  feas. 

On  account  of  the  importance  of  fpontane- 
ous  evaporation  in  many  of  the  grandeft  ope- 
rations in  nature,  A^arious  attempts  have  been 
made  to  explain  its  caufe,  particularly  by  Der- 
ham,  De  Saguliers,  and  others;  none  of  AAdiich 
are,  hoAVCA’cr,  fatisfaftory.  One  of  the  moft  in- 
genious theories  is  that  given  by  Dr.  Hamilton. 
He  fuppofes  that  fpontaneous  evaporation,  Avhich 
takes  place  in  Ioav  degrees  of  heat,  depends  on 
the  attradtion  betAveen  the  air  and  the  Avater; 
and  that  the  air  diffolves  Abater  in  the  fame  man- 
ner that  Avatcr  diffolv^es  fait,  and  many  chemi- 
cal fluids  diflblve  metals.  This  theory  is  fup- 
ported  by  a number  of  circumftances,  in  Avhich 
it  feems  to  agree  remarkably  Avith  the  diffolu- 
tion  or  combination  of  falts  or  metals  with 
fluids,  and  to  account  very  AV'ell  for  the  phe- 
nomena; but  there  is  an  infarmountal)le  objec- 
tion to  it;  viz.  that  this  evaporation  goes  on  in 
vacuo,  even  more  rapidly  than  in  the  open  air, 
which  it  could  not  do  if  it  depended  on  the  fot 
lutionn  of  the  Avater  in  the  air. 
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A variety  of  circumftances,  and  particularly 
the  cold  Avliich  is  prodiicetl  by  fpontaneous  eva- 
poration, diew,  that  this,  as  well  as  theTorina- 
tion  of  other  vapours,  depends  upon  the  abforp- 
tion  of  heat  into  a latent  ftate. 

^Vhen  heat  is  accumulated  in  bodies  to  fuch  a 
degree  that  they  emit  light,  they  are  faid  to  be 
ignited.  There  leems  to  be  a curious  connexion 
between  light  and  heat ; when  a body  is  heated 
intenfely,  it  always  becomes  luminous,  and  the 
light  of  the  fun,  when  concentrated,  is  capable 
of  producing  a molt  intenfe  heat  in  opaque 
bodies.  But  thouo-h  there  would  feem  this 

O 

ftricl  connexion  between  them,  it  feems  proba- 
ble that  tlie  light  of  the  fun  does  not  contain 
any  heat.  Tb.e  rays  of  the  fun,  in  their  inoft 
concentrated  hate,  produce  no  heat  when  they 
fall  upon  tranfparent  bodies.  If  the  rays  of 
the  fun  communicated  heat  to  the  earth,  this 
planet  would  be  gradually  heated  to  an  intenfe 
degree,  as  there  does  not  feem  any  way  in  which 
the  heat  can  be  conveyed  from  it  to  other 
bodies.  It  appears  much  more  confonnnt  to  the 
phenomena,  to  fuppofe  that  the  rays  of  tlie  lun, 
falling  upon  bodies,  become  attra(-‘ted  by,  anr! 
combined  with  them,  and  thus  divninhli  their 

capacity 
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capacity  for  lieat,  fo  that  their  combined  caloric 
will  be  difengaged,  and  become  fenfible.  There 
exifts  probably,  therefore,  always  the  fame 
quantity  of  caloric  in  the  earth,  and  the  atinof- 
phere  which  furrounds  it;  and  this  caloric  is 
either  in  a combined  or  free  ftate.  ‘ Different 
procetfes  difengage  the  combined  caloric,  which 
then  becomes  free*. 

When  a piece  of  iron  is  made  red  hot,  the 
light  is  perhaps  given  out  by  the  oxygen,  on 
its  union  with  the  ignited  body;  fo  that  the  red 
appearance  of  iron  is  moft  probably  a fpecies  of 
combuftion.  The  fame  body  not  only  always 
requires  the  fame  degree  of  heat  before  it  be- 
comes red,  but  all  kinds  of  matter,  capable  of 
bearing  a red,  become  red  about  the  fame  time. 

As  light  is  an  agent  of  fome  confequence  in 
cbciniftry,  it  may  not  be  improper  to  confider 


• Dr.  Herfchel  has  lately  fuppor ted  a contrary  opinion; 
he  fays,  that  rays  of  heat  do  come  from  the  fun,  and  that 
many  of  thefe  rays  are  lefs  refrangible  than  the  rays  of  light, 
and  invifible.  See  Phil.  Trans.  1800.  Perhaps  thefe  rays 
may  occalion  heat  when  they  move  with  a certain  velocity; 
but  when  the  velocity  is  increafed,  they  may  aft  as  light. 
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foiiie  of  its  properties  here,  though  the  moft 
remarkable  belong  to  the  fcience  of  Optics.  I 
Riall  only  therefore  give  a very  fliort  viev^  of  its 
phyfical  properties. 

Light  fcems  to  confift  of  particles  of  matter, 
extremely  minute,  which  are  emitted  from  tlie 
fun,  and  other  luminous  bodies,  in  right  lines; 
its  velocity  is  fo  great,  that  it  moves  from  the 
fun  to  the  earth  in  little  more  than  eiaiht  mi- 
mutes.  The  elafticity  of  the  rays  of  light  is  fo 
great,  that  the  angle  of  incidence  is  equal  to 
the  angle  of  reflexion.  Light  has  gravity,  for 
it  may  be  attra6led  and  inflected  b}^  d liferent 
fubftances, 

I'lie  light  of  the  fun,  which  is  white,  is  com- 
pofcd  of  rays  of  feven  diiferent  colours,  vdiicli 
may  be  feparated  by  reflation,  in  the  following- 
order: — Red,  orange,  yellow,  green,  blue,  in- 
digo, violet. 

\ 

Lio:ht  is  now  no  longer  confidered  as  a mere 

o o 

phyfical  agent;  the  chemift  is  fenfible  of  its  in- 
fluence in  a variety  of  operations.  Vegetation 
' cannot  go  on  in  perfedion  without  light,  for 
plants  deprived  of  it  are  perfetfly  white  and 

weak ; 
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weak;  and  wlieli  the  light  is  permitted  to  enter 
into  a dark  place  where  vegetables  are  growing, 
they  all  tend  towards  it,  as  if  fenfible  of  the 
neceffity  of  this  fluid  to  their  exillence. 

Deprived  of  the  benign  influence  of  light, 
the  colour  of  all  vegetables  would  be  a deadly 
white;  they  are  even  deprived  of  their  beautiful 
tints  which  they  have  already  acquired,  when 
they  are  fliut  up  in  darknefs.  Vegetables  not 
only  OAve  their  colour  to  light,  but  alfo  their 
odour,  favour,  and  combuftibility.  We  fee  the 
influence  of  this  element  likcAvife  exerted  on 
other  bodies.  Worms,  and  infedls  which  live 
in  darknefs,  are  Avhite;  fo  are  the  birds,  and 
butterfly  tribe,  which  fly  about  only  in  the 
night.  Several  experiments,  made  by  Scheele 
and  Berthollet,  fliCAV  that  the  abfence  or  pre- 
fence of  light  varies  and  modifies,  in  an  af- 
tonifliing  manner,  the  refults  of 'chemical  ope- 
rations. 

Inftances  have  been  already  given  in  which 
cold  is  produced  by  mixture;  many  likewife 
occur  in  which  heat  is  produced.  When  cold 
Avas  produced,  it  Avas  fliown  that  heat  AA^’as  ab- 
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forbed,  and  became  latent  in  the  mixture;  but 
here,  that  heat  which  was  before  latent,  becomes 
fenfible.  i 

See  Lavoifier’s  Elements  of  Chemiftry. — Chaptal. — 
Fourcroy. — Gren — Hamilton  on  the  Afcent  of  Va- 
pours.— Derham  and  Defaguliers.— Newton’s  Optics- 


LECTURE 


( 49  ) 


LECTURE  VIII. 


In  this  le<5lure  the  laws  of  chemical  affinity, 
or  affinity  of  compofition,  illuftrated  in  the  fe- 
Gond  le6iure,  are  recapitulated  j and  afterwards 
the  effects  which  take  place,  when  bodies  arc 
mixed  together,  are  confidered. 

In  fome  inftances,  when  bodies  are  mixed  to- 
gether, they  cannot  by  any  means  be  made  to 
combine,  or  unite : as  is  the  cafe  with  mercury, 
fand,  or  oil,  when  mixed  with  water.  How- 
ever violently,  thefe  bodies  are  agitated,  they 
will  foon  feparate.  In  other  inftances,  how- 
ever, bodies,  on  being  mixed  together,  readily 
unite,  and  form  a homogeneous  compound,  in 
which  w'e  cannot  difcover  the  fmalleft  appear- 
ance of  any  diverfity  of  conftituent  parts.  In 
fome  cafes  this  intimate  union  is  effe6led  flowly, 
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and  in  a gentle  manner,  and  is  not  accom- 
panied by  any  phenomena  which  attract  the 
attention ; but  there  are  other  bodies  whofe 
union  is  attended  with  a violent  agitation,  and 
the  production  of  heat.  In  fome  inftances  the 
commotion  is  very  violent,  and  the  mixture 
breaks  out  into  a cloud  of  fmoke,  or  even  into 
flame.  Thefe  circuraftances  are  particularly  ap- 
plicable to  the  union  of  fluids  with  each  other; 
but  there  are  many  inftances  in  which  folids, 
even  very  hard  bodies,  upon  being  thrown  into 
certain  fluids,  are  torn  afunder.  In  all  cafes 
where  the  folid  is  thus  divided,  and  united  to  a 
fluid,  it  is  called  by  chemifts  a folutio?i,  and  the 
fluid  is  called  the  folvent.  It  is  neceflary  to 
diftinguilh  between  folution  and  diflfufion. 
When  a piece  of  clay  is  mixed  with  Avater,  it 
will  become  dilfufed  in  it',  but  the  mixture  will 
be  turbid,  and  in  time  the  clay  will  feparate 
from  the  water,  and  fall  to  the  bottom,  as  there 
is  no  chemical  combination  between  them.  In 
all  cafes  of  real  folution,  the  compound  becomes 
tranfparcnt,  fo  that  tranfparency  may  be  re- 
garded as  a general  criterion  of  folution. 

When  a liquid  has  diffolved  a certain  quan- 
tity of  a folid,  if  more  be  added,  it  v'ill  not 
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hf  diflblvcd ; the  liquid  is  then  faid  to  be  fa- 
titrated  with  the  folid. 

A curious  circumftance  takes  place  in  foine 
inftances  of  folution,  which  is  not  eafily  ac- 
counted for.  When  a fluid  has  diffolved  as  . 
much  of  a certain  folid  as  it  can,  it  will  ftill  < 
diflblvc  the  particles  of  another  body  ; and  when 
it  is  faturated  witli  this,  it  will  dilfolve  a third, 
and  fo  on.  This  is,  however,  only  true  with 
regard  to  fome  particular  folvents;  for  in  others, 
wlicn  a third  iubflance  is  added,  it  cannot  be 
diffolved,  unlefs  the  body  previoufly  diffolved 
fljOLild  be  precipitated. 

When  fuljffances  are  combined  which  differ 
in  volatility,  they  may  be  feparated  by  heat, 
which  converts  the  more  volatile  body  into  va- 
pour, while  the  lefs  volatile  remains.  I’wo 
bodies  may  likewife  be  feparated  from  each 
other  by  tlie  addition  of  a third  body;  of  this  a 
number  of  inftances  may  be  given. 

There  are  few  fubftances  found  in  a natural 
ftate,  whofe  confiituent  parts  cannot  be  fepa- 
rated from  each  other  by  fome  of  the  methods 
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tiled  ill  chemifiry.  One  of  tlic  principal  me- 
thods confifls  in  altering  the  temperature  of 
bodies.  The  parts  of  fome  bodies  are  feparated 
from  each  other  by  cxpofing  the  compound 
to  a great  degree  of  cold,  Mdien  fome  of  its  parts 
will  congeal,  while  the  others  remain  fluid; 
but  the  purpofes  of  chemiftry  are,  in  general, 
much  better  anfwered  by  raifmg,  than  by 
lowering  the  temperature  of  bodies.  The  mofl 
iifual  way  of  heating  bodies,  is  to  place  them 
in  communication  with  others  which  are  in  a 
Rate  of  combuftion.  The  veffels  and  furnaces 
made  ufe  of  for  tliefe  purpofes  are  various,  ac- 
cording to  their  feveral  applications. 

When  fubftances  of  confiderable  fixity  are  to 
be  expofed  to  beat,  or  when  the  volatile  parts 
of  bodies  are  propofed  to  be  diffipated  into  the 
air,  open  veffels  are  ufed. 

The  common  culinary  ntenfils  of  copper  or 
iron  anfwer  thefe  intentions,  when  the  matter 
fo  be  operated  on  will  not  corrode  them.  Glafs 
veffels  are  the  moft  cleanly,  and  may  be  ufed 
for  a great  variety  of  chemical  purpofes.  They 
have  the  advantage  of  refifting  the  mofl  cor- 
1 roding 
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rofling  matters,  aiul  their  tranfparency  affords 
the  valuable  convenience  of  feeing  the  changes 
which  happen  within  them. 

In  moft  operations,  where  the  volatile  parts  of 
bodies  arc  propofed  to  be  feparated  and  preferved, 
it  is  neceffary  to  ufe  clofe  velfels.  The  appara- 
tus generally  ufed  for  this  purpofe  is  the  com- 
mon ftill.  But  there  are  many  matters  required 
to  be  diflilled,  that  are  not  fufficiently  volatile 
to  pafs  into  the  receiver  iii  this  way.  In  fuch 
cafes  the  refrigeratory  is  omitted,  and  a retort  is 
ufed,  Muth  a receiver  luted  to  its  neck. 

The  conftrudtion  of  furnaces  is  as  various  as 
the  purpofes  they  are  defigned  to  ferve.  A lamp 
fupported  at  different  diftances  below  any  che- 
mical veffel,  or  burning  with  a variable  number 
of  wicks,  is  very  ufeful  when  moderate  degrees 
of  heat  are  intended  to  be  applied.  For  higher 
degrees,  furnaces  of  different  conftrudtions 
muft  be  ufed.  Chemical  veffels  may  be  plunged 
to  a greater  or  lefs  depth  in  a pot  placed  over 
the  furnace,  containing  fand,  water,  or  other 
matter  capable  of  fuhaining  heat.  Thefe  fub- 
ftances  interpofed  betAveen  the  veffel  and  the  fire, 
conipofe  what  is  called  by  cliemifts  a bath^  and 
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are  very  iifeful  in  imparting  an  uniform  heat, 
not  labjeci  to  the  fuclden  viciflitutles  experi- 
enced by  veffels  expofed  to  a naked  fire.  With- 
out this  contrivance,  glafs  vefl’els  would  often 
fly  and  crack.  Glafs  or  earthen  veffels  intended 
to  fiiflain  a greater  heat  than  can  be  given  by 
means  of  a bath,  imift  be  coated.  A valuable 
method  is  adopted  by  Mr.  Willis,  to  fecure  and 
repair  his  retorts  ufed  in  the  diftillation  of  phof- 
phorus. 

The  philofophical  chemifi:  may  in  general 
perform  his  operations  without  the  abfolute  ne- 
ceffity  of  ufing  furnaces  confti  u6led  on  purpofe, 
or  preparing  any  large  apparatus  of  veffels.  A 
tobacco-pipe  is  a very  good  crucible,  with 
which  many  experiments  may  be  made  in  a 
common  fire,  with  the  afliftance  of  a pair  of 
belloM'S.  Common  chafing  difhes,  or  the  larger 
fort  of  black  lead  crucibles,  may  be  applied  to 
purpofes  of  extenfive  utility.  A Florence  flafk 
will  form  as  good  a retort  as  can  be  ufed,  and 
a phial  with  a wide  neck,  luted  to  the  flafk, 
will  ferve  as  a receiver. 

The  blow-pipe  is  an  inflrument  of  great  ufe 
jn  the  chemical  cxaniinatipn  of  bodies,  particu- 
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laiiy  •minerals.  The  advantages  attending  ex- 
periments M'itli  this  inftrinnent  are  many. 
They  may  be  made  in  a very  Ihort  time,  in  any 
place,  by  an  apparatus  that  admits  of  being 
carried  in  the  pocket;  the  quantity  required  of 
any  material  is  fo  fmall,  that  they  are  performed 
at  very  little  expence,  and  the  whole  procefs  is 
vifible  from  the  beginning  to  the  end.  If  in- 
ftead  of  air  from  the  lungs,  or  a pair  of  bellows, 
oxygen  gas  be  ufed  with  the  blow-pipe,  a greater 
degree  of  heat  may  be  obtained,  than  by  any 
other  method  yet  difeovered.  In  making  ex- 
periments  on  gafes,  or  aeriform  fluids,  it  is  often 
ncceflaiy  to  pour  them  out  of  one  veffel  into 
another,  and  to  mix  them  together;  this  may 
in  general  be  done  under  water,  in  a eiftern 
proper  for  the  purpofe,  fuch  as  Dr.  PriefUcy 
ufed  in  his  experiments  on  airs.  But  many 
kinds  of  air  combine  with  water,  and  therefore 
require  to  be  treated  in  an  apparatus  in  which 
mercury  is  made  ufe  of.  This  fluid  being  very 
ponderous,  and  of  confiderable  price,  motives 
botli  of  convenience  and  economy  require  that 
the  apparatus  fliould  be  made  much  finaller  than 
when  water  is  ufed. 
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In  this  le6lure  the  different  parts  of  the  che- 
mical apparatus  are  defcribed  and  ihewn;  and 
the  method  of  making  lutes,  ■ and  performing 
different  operations,  pointed  out. 

For  defcriptions  of  chemical  apparatus,  fee  Priellley’a 
Experiments  on  Air. — Chaptal. — Lavoifier. — Four- 
• croy, — La  Grange. — Nicholfon.— »and  almoll  all  io- 

. troduftory  books  of  chemiftry. 
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The  earth  is  fiirrounded  or  encompafTcd  by 
a thin,  tranfparent,  invifible  fluid,  called  the 
atmolphere,  which  reaches  to  a confiderable 
height  above  its  furface.  This  fluid,  though 
invifible  to  us,  is  a real  fubflance,  as  appears  by 
its  excluding  other  fubftances  froTu  the  fpace 
which  it  occupies.  It  is  likewife  heav}’’,  and 
preffes  with  confiderable  force,  and  being  fluid, 
it  preffes  like  other  fluids  equally  in  all  direc- 
tions. 


The  weight  of  the  air  is  the  caufe  of  the 
fufpenfion  of  mercury  in  the  barometer,  and  of 
the  a61ion  of  pumps.  The  weight  of  atmof- 
pheric  air  is  to  that  of  water  nearly  as  1 to  900, 
and  the  atmofphere  near  the  earth’s  furface, 
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prefles  with  a weight  of  fifteen  pounds  upon 
every  fquare  inch. 

As  air  is  an  elaftic  fluid,  it  is  capable  of  oc- 
cupying more  or  lefs  fpace  according  to  the 
preffure  it  fuftains,  an<l  its  fpring  or  refiftance 
is  always  proportioned  to  that  preifure. 

Thefe  properties  are  called  the  mechanical  or 
phyfical  properties  of  the  air  ; but  whether  it 
be  a fimple  homogeneous  fluid,  or  confifts  of  a 
mixture  of  gafes,  belongs  to  the  province  of 
chemiflry  to  afcertain.  Chemiftry  affords  two 
general  methods  of  determining  the  conflituent 
principles  of  bodies,  analyfis  and  fynthefis  • 
both  of  which  can  be  ufed  in  the  moll  fatisfac- 
tory  manner  in  our  inveftigations  of  the  nature 
of  atmofpheric  air.  From  ibme  ingenious  ex- 
periments,  M.  Lavoifier  has  proved,  that  the 
air  of  the  atmofphere  is  not  a fimple  homogene- 
ous fluid,  but  confifts  of  two  elaftic  fluids,  pof- 
fefled  of  very  different  properties ; one  of  which 
fupports  corabuftion,  and  animal  life,  much 
better  than  common  air  ; and  the  other  is  inca- 
pable of  fupporting  either  for  an  inftant.  Thefe 
two  fluids  exift  in  the  atmofphere  in  the  propor- 
tion 
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tioii  of  twenty-feven  of  the  former,  to  feventy- 
three  of  the  latter. 

The  atmofphere  contains  fome  other  gafes,  or 
fubftances  capable  of  being  dihblved  or  fuf- 
pended  in  it,  bat  in  fmall  quantity  ; and  thefc 
are  the  two  principal  fubftances  of  which  it  i* 
coinpofed. 

In  the  new  Nomenclature,  the  terms  are  taken 
chiefly  from  the  Greek  language,  in  fuch  jl 
manner  as  to  mak(i  their  etymology  convey  fomc 
idea  of  what  is  meant  to  be  reprefented ; and 
thefe  are  made  fliort,  and  contrived  in  fuch  a 
manner  as  to  be  eafily  changeable  into  adjec- 
tives and  verbs.  Following  thefe  principles, 
the  term  gas  been  retained,  and  the  numerous 
clafs  of  aeriform  elaflic  fluids  have  been  ar- 
ranged under  that  name.  Gas  therefore,  in 
the  new  Nomenclature,  becomes  a general 
term,  exprefflng  the  fulleft  degree  of  faturation 
of  a body  with  caloric.  To  diftinguifli  each 
fpecies  of  gas,  a lecond  term  is  employed  for 
the  name  of  the  bafe,  which,  faturated  -with 
caloric,  forms  each  particular  gas. 
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The  pure  part  of  the  atniofphere  is  called  oxy- 
gen gas,  from  the  mod  general  property  which 
its  bafe  poflTefles  of  forming  acids,  by  combin- 
ing with  difterent  fubftances.  The  chemical 
properties  of  the  noxious  portion  of  the  atmof- 
phere  being  but  little  known,  the  name  of  its 
bafe  is  taken  from  its  known  quality  of  killing 
animals,  and  is  therefore  called  azote.  Hence 
tlie  name  of  the  noxious  part  of  the  atmofpheric 
air  is  azotic  gas. 

This  term  is  certainly  not  the  moft  proper  that 
might  have  been  chofen,  becaufe  it  does  not 
point  out  any  exclufive  charaderiftic  of  the  fub- 
ftance,  and  it  is  furprizing  that  the  authors  of 
the  new  Nomenclature  did  not  call  it  niti'ogen, 
which  would  have  been  unexceptionable,  and 
perfectly  agreeable  to  the  principles  on  which 
tlie  new  Nomenclature  is  founded, 

From  the  numerous  improvements  and  difeo^ 
veries  lately  made,  chemiftry  had  become  a fei- 
ence  of  the  utmoft  importance ; and  many  of 
the  ancient  terms  being  very  barbarous,  as  well 
as  conveying  falfe  ideas,  a new  Nomenclature 
became  highly  neceffary. 
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The  method  adopted  for  fixing*  the  names  of 
compound  fubfiances,  feems  fimple  and  natural : 
as  will  appear  from  the  following  inftances. 

The  authors  of  the  new  Nomenclature  begin 
with  comprehending  under  a general  denomina-* 
tion,  the  combination  of  any  acid  with  its  dif- 
ferent bafes  ; and  in  order  to  fimplify  the  fub- 
jecl,  and  affift  the  memory,  they  ha\'e  given 
the  fame  termination  to  all  the  words  which  de- 
note the  combinations  of  acids,  fuch  fulphatf 
nitrat,  and  miiriat,  to  denote  the  combination 
of  the  fulphuric,  nitric,  and  muriatic  acids, 
with  diiferent  fubfiances.  The  fpecies  of  com- 
bination is  known  by  adding  to  this  generic 
name,  that  of  the  body  which  is  combined  with 
the  acid. 

Some  of  the  bodies  which  are  convertible  into 
acids  by  union  with  oxygen,  are  capable  of  dif- 
ferent degrees  of  faturation  with  that  principle, 
by  which  their  properties  become  altered.  When 
a body  is  completely  faturated  with  oxygen, 
the  termination  is  ic,  as  the  fulphicric  acid;  but 
when  it  is  combined  with  it  in  a fmaller  desree^ 
the  termination  is  as  the  fulphurous  acid. 
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In  fhovt,  it  has  been  the  objecl  of  the  chemifts 
wlio  formed  the  new  Nomenclature,  1.  To  ex- 
clude from  it,  as  much  as  poffible,  the  names  of 
difcoverers;  thofe  derived  from  fuppofed  medi- 
cinal properties,  and,  particularh%  from  any 
hypothcfis.  2.  To  invent  a method  of  conne6l- 
ing,  by  terms,  the  chemical  faCis  M'ell  edab- 
liflied.  3.  To  chufe  diort  and  unequivocal  words 
from  among  the  old  names.  4.  To  diftinguidi 
different  fpecies  of  bodies  by  varying  the, termi- 
nations. 5.  Where  new  words  became  necef- 
fary,  to  take  them  from  the  chara6feridic 
properties  of  bodies. 

See  Lavoifier’s  Elements  of  Chemillry. — Chaptal.— 
Fourcroy . — Pearfon ’s  N om  endatn  re. 


SIMPLE  or  UNDECOM-  In  a GASEOUS  STATE,  COMBINED  with  OXY-  COMBINED  with  OX Y- The  fame  Oxygenated  Sub- Combined,  without  being  con- 
POUNDED  SUBSTANCES,  from  being  comb  ned  with  GEN,  GEN  and  in  the  Form  of  Itances,  combined  with  differ-  verted  into  the  Acid  State. 

CALORIC.  GASES.  I ent  Bafes. 
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The  difcovery  of  oxygeji  gas  Is  perhaps  the. 
mod  important  that  ever  was  made  in  chemidiy. 
This  elaftic  fluid  was  difcovered  by  Dr.  Prieftley 
in  the  year  1774<.  Since  that  time  it  has  been 
extradled  from  a variety  of  fubftances  with 
which  it  is  combined,  being  never  found  pure, 
but  alwavs  in  a date  of  combination.  It  exids 
in  the  form  of  gas  combined  with  caloric  and 
light,  from  which  it  may  be  feparated  by  the 
fuperior  aflinity  of  feveral  bodies. 

When  a metal  is  expofed  to  the  air,  and  at  tlie 
fame  time  to  heat,  it  lofes  its  metallic  ludre, 
and  aciquires  the  form  and  properties  of  an 
earthy  fubdance.  If  this  change  be  produced 
in  a given  quantity  of  atmofpheric  air,  the  cal- 
cination can  only  be  carried  on  to  a certain  de- 
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gree;  and  on  examining  tiie  air  which  remain^, 
we  fliall  find  that  it  has  loft  the  Mdiole  of  its 
oxygen,  and  that  nothing  remains  but  the 
azotic  gas.  If  we  examine  the  metallic  calx, 
we  ftiall  invariably  find  it  heavier  than  the  metal 
from  which  it  was  produced,  and  this  augmen- 
tation of  weight  will  be  exadly  proportioned 
to  the  lofs  fuftained  by  the  air.  Hence  it 
appears  that  the  oxygen  of  the  air  becomes 
united  to  the  metal  during  calcination.  On 
expofing  the  calx,  or  oxyd  of  mercury,  to  a 
confiderable  heat,  the  metal  will  be  revived, 
and  a quantity  of  oxygen  gas  may  be  procured 
from  it.  If  the  calcination  of  a metal  be  per- 
formed in  pure  oxygen  ga.s,  it  will  go  on  much 
more  rapidly  than  in  atmofpheric  air,  and  if  the 
quantity  of  metal  be  fufficient,  all  the  air  will 
be  abforbed.  • 

Since  oxygen  gas  contains  a large  quantity  of 
caloric  and  light,  in  a latent  or  combined  Hate, 
we  fiiould  expect  that,  when  the  oxygen  becomes 
fixed  in  a metal,  this  heat  and  light  Avould  be- 
come fenfible.  But  the  quantity  of  either  dif- 
engaged  in  any  minute  portion  of  time,  is  fo 
fmall  as  to  be  infenfible,  and  the  heat  becomes 
confounded  with  that  of  the  furnace.  This 
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difengageineilt  of  caloric  and  light,  however, 
is  very  fenfible  when  bodies  are  calcined  in  pure 
oxvgen  gas.  If  a piece  of  iron  be  heated,  and 
plunged  into  this  gas,  it  burns  with  great  bril- 
liancy,, and  becomes  oxydated. 

t 

But  though  pure  oxygen  gas  may  be  pro- 
cured from  oxyds  of  mercury,  merely  by  the 
a6lion  of  heat,  yet  the  oxyds  of  other  metals 
cannot  be  reduced  vdlhout  the  addition  of  forae 
fubftance  to  which  the  oxygen  has  a greater 
affinity  than  to  the  metal.  If  charcoal  be  mixed 
with  the  metallic  oxyd,  it  will  unite  with  the 
oxygen,  and  form  carbonic  acid,  which  will  fly 
off  in  the  form  of  gas,  while  the  metal  will  be 
reduced.  Hence  it  is  evident,  that  the  calcina- 
tion of  metals  is  nothing  but  their  union  with 
oxygen,  and  is  therefore  properly  called  their 
oxydation.  This  is  very  different  from  the 
theory  delivered  by  Stahl,  and  fupported  by  his 
followers.  They  imagined  metals  to  be  com- 
pofed  of  a certain  earth,  which  they  called  their 
calx  and  phlogifton ; during  the  calcination, 
they  fuppofed  the  phlogifton  to  be  driven  off, 
or  diffipated,  and  imagined  that  it  could  not  be 
reftored  to  them,  or  that  they  could  not  be  re- 
vived, unlefs  heated  in  conta6l  vdth  fome  fub- 
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llance  which  they  fuppofed  to  contain  phlogifioH* 
This  theory  was,  however,  attended  with  infur- 
niountable  difficulties,  and  involved  its  advo- 
cates in  continual  abfurdities.  The  mere  reduc- ' 
tion  of  mercurial  oxyds  by  heat  alone,  is  of  it- 
felf  fufficient  to  overturn  it. 

The  principal  phenomena  which  take  place,, 
when  cornbiiftible  bodies  are  heated  in  contaft 
with  air,  are,  heat,  motion,  flame,  and  an  entire 
change  of  the  nature  of  the  body  burned.  Some 
bodies  burn  with  very  great  rapidity,  others 
more  flowly,  and  others  without  any  apparent 
mbtion  or  flame.  If  combuftion  be  performed 
in  fuch  a manner  that  all  the  produ6fs  formed 
by  it  can  be  collcfted  and  preferved,  thefe  pro- 
tlu6ts  are  always  heavier  than  the  body  which 
has  been  burned. 

t 

It  has  been  long  known,  that  combuftion 
Could  not  take  place  excepting  atmofpheric  air  .. 
was  prefent,  and  it  has  bee  nexplained'in  vari- 
ous ways. 

I 

. i 

According  ’ to  Lavoifier’s  theory  it  appears, 
'that  combuftion  differs  from  the  oxydation. 
'of  metals,  chiefly  in  its  being  more  rapid ; and 
1 in 
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in  the  prodii6ls  being  many  of  them  volatile  In- 
fteacl  of  fixed.  This  ■ analogy  will  lead  to  an 
cafy*  explanation  of  comhuftion.  If  we  confider 
a familiar  inftance,  the  comhuftion  of  coal  in  a 
common  fire,  we  fliaft  find  that  it  will  be  firft  ne-^ 
ceflary  to  apply  heat,  becalife  the  comhuftible 
body  is  not  difpofed  to  combine  with  oxygen, 
till  the  cohefion  of  its  particles  are  diminifhed 
by  caloric.  When  this  is  done  to  a certain  de- 
gree, the  coal  combines  rapidly  with  oxygen ; 
and  during  the  combination,  the  oxygen  gives 
out  the  heat  and  light  which  preferved  it  in  the 
form  of  gas.  Though  a great  weight  of  coal  is 
confumed,  and  only  a few  aflies  left  behind,  yet, 
if  all  the  volatile  products  be  collected^  we  fhall 
always  find  them  heavier  than  the  coal  was  be- 
fore comhuftion. 

Oxygen  gas  contains  a much  greater  quantity 
of  combined  caloric  than  any  other  fubftance 
with  which  we  are  acquainted ; but  carbonic 
acid  gas  has  a much  lefs  capacity  for  heat*  than 
oxygen  gas;  when,  therefore,  oxygen  gaS 
combines  with  charcoal,  part  of  its  heat  remains 
latent,  and  preferves  the  carbonic  acid  which  ig 
formed,  in  a gafeous  ftate,  while  a confiderable 
portion  affpines  the  form  of  fenfible  heat. 

F 2 


From 


6^ 


LECTURE  X. 


From  this  theory  of  comhuftion,  we  are  en- 
abled to  explain  a variety  of  phenomena;  for 
inftance,  why  the  direft  light  of  the  fun  puts 
out  a fire;  why  a fire,  burns  brighter  in  frofty 
weather,  kc.  When  oxygen,  in  the  form  of 
gas,  unites  with  a combuftible  bod}',  likewife 
in  the  form  of  gas,  the  combination  is  very 
rapid ; and  as  the  compound  which  is  formed 
generally  occupies  much  lefs  fpace  than  the  two 
fubflanccs  did,  a vacuum  will  be  formed;  and 
the  furrounding  air  rufiiing  in  from  all  fides  to 
replenifii  the  vacuum,  caufes  a very  loud  report. 

See  Prieftley’s  Experiments  on  Airs. — Lavoifier’s  Ele- 
ments of  Chemiftry, — ‘•Chaptal.  — Fourcroy,  and 
Bouillon  La  Grange. 
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UM  what  has  been  faid,  it  is  evident  that 
oxygen  has  a greater  affinity  for  metals  heated 
to  a certain  degree,  than  for  caloric ; in  con- 
fequence  of  which,  all  metalic  bodies,  except 
gold,  filver,  and  platina,  hav'^e  the  property  of 
decompofing  oxygen  gas,  by  attra6ling  its  bafe 
from  the  caloric  with  which  it  M'^as  combined. 
The  affinity  of  many  combuftible  bodies  for  oxy-r 
gen  is  greater  than  that  of  metals  for  the  fame 
fubftance  ; they  therefore  unite  with  it  rapidly, 
and  in  combining  with  them,  the  oxygen  gives 
out  a great  part  of  the  light  and  caloric  which 
fupported  it  in  the  Rate  of  gas.  Though  moft 
combuftible  bodies  require  to  be  heated  before 
they  combine  with  oxygen,  yet  fome  of  them 
have  fo  ftrong  an  attraftion  for  it,  that  they  will 
unite  with  it  in  the  ordinary  temperature  of  the 
atmofphere. 

F 3 
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The  following  laws  may  be  deduced  from- 
what  has  been  faid  concerning  com  bullion. 

1.  Combuftion  cannot  take  place  without  tho 
prefence  of  oxygen. 

I 

2.  In  every  inftance  of  combuftion  there  is 
an  abforption  of  oxygen. 

3.  In  the  products  of  combuftion  there  is  al- 
ways an  augmentation  of  weight,  equal  to  the 
quantity  of  oxygen  abforbed. 

4.  ,In  every  inftance  of  combuftion,  light 
and  heat  are  difengaged. 

The  phenomena  of  combuftion  may  be  diftin- 
guiftied  into  three  ftates, — ignition,  inflamma- 
tion, and  detonation.  The  firft  takes  place 
when  the  combuftible  body  is  not  in  an  aeri^ 
form  ftate,  nor  capable  of  alfuming  that  ftate  : 
the  fecond,  when  the  combuftible  body  in  the 
form  of  vapour,  or  gas,  comes  in  contaft  with 
oxygen  gas ; the  third  is  a fudden  inflamma- 
tion, which  occafions  a noife,  by  tlie  inftanta- 
neons  formation  of  a vacuum.  In  the  greateft 
number  of  inftances  in  which  detonation  takes 

place, 
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place,  this  phenomenon  is  produced  by  the 
combuftion  of  hydrogen  gas  with  oxygen. 

When  Ave  confider  the  plienomena  of  refpiva- 
tion,  we  fliall  find  them  very  analogous  to  thofo 
of  combuftion.  A candle  will  not  burn,  nor 
an  animal  live,  in  an  exhaufied  receiver.  When 
a candle  is  confined  in  a given  quantity  of  at- 
inofpheric  air,  it  Avill  burn  only  for  a certain 
time  ; and  on  examining  the  air  in  which  it  has 
burned,  the  oxygen  gas  is  found  to  be  ex- 
tradled,  nothing  Remaining  but  azotic  gas,  and 
a quantity  of  carbonic  acid  gas.  In  the  fame 
manner,  if  an  animal  be  confined  in  a o'iven 
quantity  of  atmofpheric  air,  it  will  live  only  a 
fiiort  time,  and  the  air  will  have  loft  its  oxygen, 
nothing  remaining  but  azotic  and  carbonic  acid 
gas.  V 

A candle  will  burn,  and  an  animal  live  much 
longer  in  pure  oxygen  gas,  than  in  the  fame 
quantity  of  atmofpheric  air. 

From  confidering  the  phenomena  attendant 
on  refpiration,  we  may  lay  down  the  following- 
general  propofitions. 

r 4 1.  An 


I 


72 


LECTURE  XL 


T.  An  animal  cannot  live  unlefs  it  be  fup- 
plied  with  oxygen. 

2.  All  animals  do  not  require  air  of  the  fame 
purity  ; birds  require  air  of  greater  purity  than 
man,  or  animals  which  live  upon  the  furface  of 
the  earth  ; and  thofe  animals  which  live  prin- 
cipally under  ground,  or  which  pafs  the  winter 
in  a torpid  Rate,  require  an  air  much  lefs  pure 
than  other  animals. 

S.  The  mode  of  refpiration  is  different  in  dif- 
ferent animals. 

The  air  which  has  ferved  for  refpiration  is 
found  to  contain  a mixture  of  azotic  and  car- 
bonic acid  gas,  with  a fmall  quantity  of  oxygen 
gas,  and  a confiderable  quantity  of  water  is 
thrown  off  froni  the  lungs  in  refpiration. 

- ■From  a variety  of  fa61s  it  appears,  that  oxy- 
gen gas  is  decompofed  in  the  lungs  during  ref- 
piration ; a part  of  the  oxygen  unites  m itii  the 
iron  contained  in  the  blood,  and  converts  it 
into  an  oxyd  ; another  and  much  greater  portion 
unites  with  the  carbon  brought  by  the  venous 
blood  to  the  lungs,  and  forms  carbonic  acid 
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gas while  anotlier  portion  of  the  oxygen  unites 
with  the  hydrogen  brought  in  the  (aine  manner, 
and  forms  water. 

A portion  of  this  oxygen,  which  unites  with 
the  iron  and  hydrogen,  becomes  fixed  by  thefe 
fubftances,  and  gives  out  the  heat  which  fup- 
porled  it  in  a gafeous  flate,  while  the  remainder, 
forming  carbonic  acid  gas,  which  has  a lels 
capacity  for  heat  than  oxygen  gas,  gives  out 
a part  of  its  caloric.  Thus  refpiration  is  the 
caufe  of  a continual  extrication  of  heat  in  the 
lungs,  which  being  conveyed  by  the  blood  to 
all  parts  of  the  body,  is  a conftant  fource  of 
heat  to  the  animal.  We  may  therefore  confider 
refpiration  as  an  operation  which  oxygen  gas 
is  continually  ]>afling  from  the  gafeous  to  the 
concrete  ftate^  it  will  therefore  give  out,  at 
every  inftant,  the  heat  Avhich  it  held  in  combi- 
nation. 

Thefe  fa6ts  enable  us  to  explain  the  reafon 
why  an  animal  prefer ves  nearly  the  fame  tem- 
perature, notwithftanding  the  various  changes 
which  occur  in  the  temperature  of  the  furround- 
ing atmofphere ; and  this  enables  the  human, 
body  to  bear  viciflitades  that  would  otherwife 
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deftroy  it.  They  likewife  account  for  the  dif- 
ference of  heat  In  clilfercnt  clalfes  of  animals  ; 
their  heat  being  always  proportioned  to  the 
quantity  of  oxygen  gas  which  they  decom- 
pofe. 

Combuftion  and  refpiration  arc  continually 
diminifhing  the  quantity  of  oxygen  contained 
in  the  atmofphere ; if  therefore  the  wife  Author 
of  nature  had  not  provided  for  its  continual  re- 
proclu6tion,  the  air  muft  foon  become  too  Im- 
pure to  fupport  life  ; but  vegetables  abforb 
■water  and  carbonic  acid  gas,  which  fubftances 
they  decompofe,  and,  appropriating  the  hydro- 
gen of  the  former  and  the  carbon  of  the  latter 
to  their  nourilhment,  exhale  the  oxygen  gas 
in  a very  pure  Rate  ; — thus  animals  and  vegeta- 
bles work  the  one  for  the  other,  and  by  this  ad- 
mirable reciprocity,  the  atmofphere  is  always 
kept  fufficiently  pure,  and  the  equilibrium,  of 
its  component  parts  conftantly  maintained. 

See  Crawford  on  Animal  Heat.  Chaptal,  Lavoifier, 
Fourcroy,  and  Bouillon  La  Grange. 
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In  the  laft  le6lure  it  was  hinted,  that  part  of 
the  oxygen  received  into  the  lungs,  combined 
Avith  the  iron  which  exihs  in  the  blood ; and  it 
will  not  perhaps  be  improper  to  examine  this 
idea  more  accurately. 

That  iron  exifts  in  the  blood,  may  be  proved 
from  a variety  of  circumftances  ; and  particu- 
larly by  the  chemical  analyfis  of  that  fluid.  This 
iron  may  be  conveyed  into  the  blood  by  the 
articles  of  food,  moft  of  which  contain  fome 
portion  of  this  metal,  though  fmall ; but  it  is 
more  probable  that  the  greatefl:  part  of  the  iron 
found  in  this  fluid,  is  the  produ6b  of  animal 
organization ; indeed  feveral  fa6i;s  may  be  pro- 
duced, that  feem  to  fliow,  that  iron  is  often 
formed  by  vegetable  and  animal  procefles. 
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It  appears  like  wife  that  the  red  colour  of 
the  blood  depends  upon  the  oxydation  of  this 
iron,  which  that  fluid  contains  in  a ftate  of 
extreme  divifion.  If  the  coagulable  lymph 
and  ferum  be  carefully  freed  from  the  red  par- 
ticles by  wafliing,  the  flri6left  analyfis  will  not 
difcover  in  either  of  them  a particle  of  iron  ; 
while  the  red  particles  thus  feparated,  confifi: 
almofl:  entirely  of  this  metal. 

That  the  red  colour  of  the  blood  depends 
upon  the  combination  of  its  ferruginous  par- 
ticles with  oxygen,  appears  from  the  beauti- 
ful experiments  of  Menghini,Thouvenel,  Prieft- 
ley,  &c. 

It  feems  probable,  that  the  blood,  during 
its  circulation  through  the  lungs,  becomes 
combined  with  oxygen  ; that  this  oxydated 
blood,  on  its  return  to  the  heart,  is  circulated 
by  the  arteries  to  all  parts  of  the  body ; and  ' 
that  during  this  circulation,  its  oxygen  is  ex- 
tra6led  from  it,  by  thofe  parts  of  the  body  with 
which  it  comes  in  conta6i : it  is  then  brought 
back  to  the  heart  by  the  veins, , of  a dark 
colour,  and  deprived  of  the  greatefl;  part  of  its 
oxygen.  The  effeds  of  oxygen  on  the  blood 
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are  well  illuftrated  by  what  takes  place  while 
an  animal  is  drowning.  The  oxygen  is  gradu- 
ally fubtra6led  from  the, blood,  during  its  cir- 
culation, and  there  being  no  means  by  which 
that  fluid  can  recover  this  principle,  its  colour 
gradually  becomes  darker,  till  both  the  arterial 
and  venous  blood  is  become  almoft  black. 
Along  with  this  abflradlion  of  oxygen,  the 
animal  becomes  more  and  more  feeble,  and  in 
a few  minutes  dies.  If,  immediately  before 
death,  the  lungs  be  laid  open,  that  we  may 
obferve  what  takes  place,  and  if  a quantity  of 
oxygen  gas  be  injedled  through  the  windpipe, 
■we  immediately  fee  that  the  blood  acquires  a 
red  colour,  and  circulates  towards  the  heart ; 
which  organ,  as  foon  as  the  oxydated  blood 
arrives  at  it,  recovers  its  irritability,  and  by 
contra6ling,  circulates  the  blood  as  ufual. 

Hence  it  would  feem,  that  the  produdlion  of 
animal  heat  is  not  the  moll  important  office  of 
refpiration  ; for  it  is  not  improbable  that  irrita- 
bility, or  the  vital  principle,  is  continually 
communicated  to  the  body  by  thefe  means. 

That  this  is  the  cafe  would  appear  from 
feveral  experiments  made  by  Dr.  Girtanner, 
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and  from  the  accutate  obfervations  of  Lind 
and  Trotter  on  the  cafes  of  fcorbutic  patients^ 
as  well  as  the  blue  hoi/  mentioned  by  Dr.  San- 
difort ; in  all  which  it  appears,  that  a diminu- 
tion of  oxygen  is  accompanied  by  a diminu- 
tion of  irritability,  or  excitability,  and  that 
this  irritability  is  reftored,  by  reftoring  the  oxy- 
genous principle. 

How  multiplied  and  Important  are  the  parts 

> acted  by  this  principle  on  the  theatre  of  nature  1 

When  combined  with  hydrogen,  it  forms  water.; 

in  its  union  with  combuftible  bodies,  it  o-ives 

out  heat  and  light,  without  which  we  thould 

not  be  able  to  perform  the  moft  important 

operations  of  life  : it  likewife  forms  different 

acids  of  the  greateft  utility  in  the  arts.  When 

received  bv  animals  into  the  lungs,  it  is  the 

1 ^ • • • 
caufe  of  their  heat,  and  fupplies  them  with  irri- 

’ tability. 

The' irritability  thus  fupplied  by  the  liingi 
is  continually  \vafled  by  mufcular  exertion,  and 
the  action  of  different  ftimuli.  This  has  been 
ingeniouly  fliown  by  Dr.  Brown ; and  as  it  is  a 
fubje6t  ‘of  great  importance  in  the'  philofophy 
of  living  matter,  it  may  not  be^  improper  to 

point 
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point  out  foine  of  the  laws  by  which  living 
bodies  are  governed. 

I.  Living  bodies,  befides  their  organization^ 
differ  from  dead  matter,  in  the  property  of 
being  a(5led  on  or  excited  by  external  powers, 
in  fufch  a manner  as  to  produce  the  living  funcr- 
tions  ; they  muft  therefore  potfefs  fome  pro- 
perty diftinft  from  dead  matter,  which  renders 
them  capable  of  being  thus  a6led  on  by  exter- 
nal powers.  This  property  has  been  called 
citability,  or  irritability. 

II.  When  the  powerful  adlion  of  the  excitr 
ing  powers  ceafes  for  fome  time,  the  excitabi- 
lity accumulates,  or  becomes  more  capable  of 
receiving  their  action,  and  is  more  powerfully 
atfe6ted  by  them.  If  the  a6tion  of  the  dif- 
ferent exciting  powers  which  fupport  life  be 
examined,  we  fliall  find  abundant  confirmation 
of  this  law.  If  light,  heat,  food,  &c.  be  with- 
drawn for  fome  time,  they  a6t  much  more  power- 
fully when  applied  again. 

III.  When  the  exciting  powers  have  a6ted 
with  violence,  or  for  a confiderable  time,  the 
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excitability  becomes  exhaufled,  or  lefs  fit  to  be 
a6ted  on.  The  truth  of  this  law  may  be  proved 
by  a fimilar  induftion. 

This  exhauftion  of  the  excitability  may  be 
either  finite,  or  temporary.  When  the  excit- 
ing powers  are  contiiiually  and  violently  ap- 
plied, they  entirely  exhauft  the  excitability, 
and  produce  death  ; but  we  find  that  this  prin- 
ciple may  be  exhaufted  for  a time,  and  accu- 
mulated again.  When  we  have  been  engaged 
in  any  exertion,  either  mental  or  corporeal,  for 
fome  hours  only,  we  find’  ourfelves  fatigued, 
and  unfit  to  purfue  our  labours  much  longer; 
if  now  fome  of  the  exciting  powers  be  with- 
drawn, and  if  we  are  laid  in  a pofture  which 
does  not  require  much  mufcular  exertion,  we 
foon  fall  into  that  ftate  which  nature  intended 
for  the  accumulation  of  excitability,  and  which 
we  call  fieep.  In  this  ftate  many  of  the  exciting 
powers  cannot  a6t  upon  us,  unlefs  applied  with 
fome  violence,  and  w'e  are  infenfible  of  their 
moderate  a<5lion. 

When  the  a61ion  of  thefe  powers  has  been  fuf- 
pended  for  fix  or  eight  hours,  the  excitability 
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Is  again  capable  of  being  adled  on,  and  we  rife 
fredi  and  vigorous,  and  fit  to  engage  in  our 
occupations. 

f 

Froni  What  has  been  laid,  it  is  evident,  that 
there  are  three  Rates  in  Avhicli  living  bodies 
exift.— 1.  A Rate  of  accurhulated  excitabilit}'’* 
— 2.  A Rate  of  exhauRed  excitability.— 3.  When 
it  is  in  Rich  a Rate^  as  to  produce  the  RrongeR 
and  moR  healthy  a6lions,'  when  a6ted  on  by  the 
external  powers.  It  appears  likewife,  that  life 
depends  on  the  a6lion  of  external  powers  on 
the  excitability ; and  that  by  their  continued 
a6tion,  if  they  be  properly  regulated,  the  ex- 
citability will  be  gradually,  and,  as  it  were, 
infenflbly  exhauRed,  and  life  will  be  refigned 
into  the  hands  of  him  who  gave  it,  without  a 
Rruggle,  and  without  a groan.  But  as  it 
often  happens  that  we  have  not  the  pbwer  of 
regulating  the  action  of  thefe  powers,  and  fre- 
quently neglect  it  when  we  have ; thofe  devia- 
tions from  the  third  Rate,  called  difeafes,  take 
place,  which  is  not  our  bufmefs  to  eonfider  in 
this  courfe  of  lectures. 


See  Prieftley’s  Experilrients.— Thofe  of  Menghini  in  the 
Memoirs  of  the  Inftitute  of  Bologna.— Lind  and  Trot- 
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ter  on  the  Scurvy.—Brown’s  Elements  of  Medicine.— • 
Darwin’s  Zoonomia. — La  Medicine  Eclair^,&c.  &c. — • 
Beddoes’  Obfervations  on  the  Nature  and  Cure  of  Cal- 
culus, &c. — Thornton’s  Medical  Extrafts,  and  the 
Author’s  Leflure  on  the  Prefcrvation  of  Health. 
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YDROGEN,  combined  with  caloric,  forms 
hydrogen  gas.  This  fubftance,  which  was  for- 
merly called  inflammable  air,  was  difcovered 
by  Mr.  Cavendifh  in  the  year  17b7.  Its  bafe 
is  called  hydrogen,  becaufe  it  is  one  of  the 
corqponent  parts,  or,  more  properly,  the  bafe  of 
water.  It  may  be  procured  from  feveral  fub- 
ftances,  of  which  it  forms  a conftituent  part, 
but  is  obtained  in  the  moft  pure  ftate  from  the 
decompofition  of  water  by  means  of  metals. 

Metallic  fubftances  will  not  decompofe  w'ater 
while  cold,  unlefs  affifted  by  an  acid,  in  which 
cafe  the  water  is  very  readily  decompofed  ; its 
oxygen  oxydating  the  metal,  and  the  hydro- 
gen flying  off  in  the  form  of  gas. 

9 2! 
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M.  Lavoifier  has  proved,  that  when  85  parts 
of  oxygen  gas  are  burned  with  15  of  hydrogen 
gas,  both  gafes  vanifli,  and  100  parts  of  water 
are  formed  ; and  if  100  parts  of  water  are 
made  to  pafs  through  a red  hot  iron  tube, 
15  parts  of  hydrogen  gas  will  be  procured, 
while  the  in  fide  of  the  tube  will  be  found  con- 
verted into  an  oxyd,  and  to  have  gained  85 
parts  in  weight. 

• r , 

Hydrogen  gas  is  combuftible  in  an  eminent 
degree ; yet  it  will  not  burn,  unlefs  in  contaft 
with  oxygen,-  and  not  even  then  without  the 
application  of  a red  heat.  When  pure,  and  in 
conta6l  with  atmofpheric  air,  it  burns  with  a 
lambent  flame.  It  burns  rapidly  when  ■‘inti- 
mately mixed  with  atmofpheric  air,  in  fuch  a 
manner  that  each  particle  of  hydrogen  gas  may 
be  furrounded  by  particles  of  atmofpheric  air. 
Fi re-works,  without  fmoke  or  noife,  are  made 
by  means  of  liydrogen  gas.  It  is  about  twelve 
times  lighter  than  common  air,  and  on  this 
properly  depends  the  principles  of  aeroftation. 
Charcoal,  v/hen  ignited,  will  decompofe  water; 
but  the  hydrogen  gas  procured  in  this  manner 
is  never  pure,  being  always  mixed  with  car- 
bonic acid  gas.  Thefe  gafes,  though  poffefled 
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of  very  different  fpecific  gravities,  do  not  eafily 
feparate  from  each  othei’,  but  form,  by  tlie  at- 
traction of  their  particles,  a compound  elaftic 
fluid  called  hydrocarbonic  gas.  It  is  this  aeri- 
form fluid  which  floats  frequently  on  mar/lies, 
and  being  fet  on  fire  by  elcCfricity,  or  other 
means,  gives  rife  to  the  ignis  fatuus. 

Hydrogen  gas  is  improper  for  refpiration. 
An  animal  immerfed  in  it  is  killed  in  the  lame  ' 
manner  as  when  immerfed  in  azotic  gas.  This, 
however,  does  not  feem  to  depend  upon  any 
pofitive  nojtious  quality  which  this  gas  pofTeffes, 
but  merely  on  its  excluding  oxygen  gas.  When 
hydrogen  gas  is  mixed  with  about  one-third 
of  its  quantity  of  oxygen  gas,  it  may  be  breathed 
without  inconvenience. 

Hydrogen  gas  is  frequently  found  in  great 
abundance  in  coal  mines ; where  it  is  fome- 

t 

times  generated  fuddenly,  and  becomes  mixed 
with  the  atmofpheric  air  of  thefe  fubterraneous 
cavities.  If  a lighted  candle  be  brought  jn, 
this  mixture  often  explodes  in  the  mofl  violent 
manner.  It  is  called  by  miners  the  fire-damp. 
Methods  have,  however,  been  contrived  to  pre- 
vent its  dreadful  effeCts. 

,c  3 
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Hydrogen  gas  is  capable  of  clifTolving  forne 
combullible  bodies,  particularly  fulpbur  and 
phofphorus;  and  when  united  to  thefe, . it  icems 
to  acquire  new  properties.  When  united  to 
fulpbur,  it  forms  fulphurated  bvc’rogen  gis,  or 
that  fluid  which  is  contained  in  c^-nfiderable 
quantity  in  fulphurous  mineral  waters.  Ihis 
gas  blackens  metallic  fubltances  ; is  very  foiu^ 
ble  in  water ; is  unfit  for  refpii  ation  ; and  turns, 
vegetable  blues  green  ; it  burns  with  a blue 
flame,  depofiting  fulphur. 

The  union  of  hydrogen  gas  and  phofphorus 
is  called  phofphorated  hydrogen  gas.  This 
elaftic  fluid  has  a very  foetid  finell,  is  improper 
for  refpiration,  and  takes  fire  fpontaneoufly  on 
coming  in  contadl  with  the  air,  accompanied 
with  an  explofion,  and  a beautiful  ring  of 
denfe  fmoke.  It  is  probably  to  a difengage- 
ment  of  gas  of  this  kind  that  we  ought  to 
attribute  the  ignes  fcitui  which  play  about  bury- 
ing grounds,  and  in  general  about  places  where 
^ animals  are  putrifying. 

There  is,  probably,  a ftratum  of  hydrogen  gas 
in  the  fuperior  regions  of  the  atmofphere,  the 
^ onion 
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uiiioii  of  which  w’ith  oxygen  will  form  water, 
and  may  produce  meteors. 

See  CavendiOl’s  Exper. — Phil.  Tranf.  1766. — Prieftley’s 
Experiments.— Lavoifier’s  Elements  of  ChemUlry.— 
Chaptal.— Fourcroy. — La  Grange.— Scheele  on  Fire. 
— Kirwan  on  Phlogillon. 
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We 


have  feen  that  the  atmofphere  is  comr 
pofed  of  two  gafes  or  eiaflic  fluids : the  firft, 
which  is  called  oxygm  gas,  conftitutes  nearly 
one-fourth  of  the  atmofphere  ; the  latter,  about 
three-fourths.  The  firft  is  compofed  of  light, 
caloric,  and  oxygen ; the  latter  alfo  is  com:: 
pofed  of  caloric,  and  a particular  bafe,  capable 
of  becopiing  folid,  cdAltA  azote.  This  fubftance, 
united  to  different  bafes,  forms  alkalies,  and 
hence  may  be  looked  upon  as  a real  alkaligen, 
or  alkalizing  principle,  in  oppofition  to  oxygen, 
Avhich  is  the  principle  of  acidity.  The  atmof- 
phere, therefore,  is  an  inimenfe  referyoir  of  the 
principles  of  acidity  and  alkalefcency,  without 
being  itfelf  either  acid  or  alkaline. 

Azotic  gas  may  be  qbtained  pure  by  various 
means  j particularly  by  expofing  certain  fub- 
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fiances  to  atniofpheric  air,  Av^hich  abforb  its  oxy- 
gen. 

I 

It  may  likewife  be  extricated  from  frefh  muf" 
cular  fibre  by  means  of  diluted  nitric  acid. 

This  gas  is  fomewhat  lighter  than  common 
air ; it  extinguiflies  flame  and  animal  life  ; when 
three  parts  of  it  are  mixed  with  .one  of  oxygen 
gas,  atmofpheric  air  is  formed. 

As  this  gas,  combined  with  liydrogen,  forms 
ammoniac,  or  the  volatile  alkali,  and  as  It  is 
probable  that  the  other  alkalies  are  compbfed 
of  earthy  bafes  united  to  this  fubftance  ; we 
fliall  proceed  to  confider  the  properties  of  the 
different  alkalies,  particularly  as  it  will  be 
neceffary  to  become  acquainted  Avith  them, 
before  Ave  can  examine  the  combinations  of 
them  with  acids. 

The  general  properties  of  alkalies  are  the  fol- 
lowing ; 

i.  Their  tafte  is  acrid  and  burninff. 
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2.  They  change  the  blue  coloui*s  of  fome 
vegetable  inftifions  to  green. 

3.  When  mixed  with  flinty  fubftances,  and 
cxpofeel  to  a confiderable  heat,  they  form  glafs. 

4.  ’They  render  oils  mifcible  with  water  ; effer- 
vefce  with  fome  of  the  acids,,  and  form  neutral 
falts  with  all  of,  them. 

illkalie's  are  divided  into  flxed  and  volatile. — ■ 
There  are  two  fpccics  of  fixed  alkali : the  vege- 
table alkali,  or  potaJk\  and  the  mineral  alkali, 
€>T  foda.  The  vegetable  alkali  may  be  extra6led 
from  various  fubftances,  but  chiefly  from  the 
afhcs  of  vegetables  and  tartar ; when  purified, 
it  is  o-enerallv  known  under  the  name  of  fait  of 
tartar.  This  fubftance  is  very  ufeful  in  making 
of  glafs  and  foap  ; wafliing,  bleaching,  medi- 
cine, and  various  other  arts. 

' » 

The  mineral  alkali,  oy  foda,  is  the  bafe  of  fea- 
- fiilt.  It  may  be  procured  from  this  fait  by  vari- 
ous means,  but  is  moft  ufually  procured  fromr 
the  aflies  of  marine  plants.  This  alkali  differs 
from  the  vegetable  in  the  following  particulars: 
—1.  It  is  Icfs  cauftic. — 2.  It  eftlorefces  in  the 
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air,  inftead  of  attra6Hng  moiftnre  from  it. — 3.  It 
forms  ocloedral  inftead  of  quad  ran  gal  ar  cryL 
ftals. — 4.  It  forms  diflFerent  neutral  falts  with 
the  fame  acids,  to  whicli  it  has  lefs  affinity  than 
pot-afh,  and  from  which  it  can,  confetiuently, 
be  feparated  by  it.  It  is  more  ufeful  than  pot- 
afli  in  the  different  arts,  particularly  in  the 
manufa6lure  of  glafs  and  foap,  in  dying  and 
bleaching,  &c,  ' 

Thefe  alkalies,  in  the  Rate  we  generally  meet, 
with  them  in  commerce,  are  not  pure,  but 
really  neutral  falts,  being  combined  with  the 
carbonic  acid\  and  it  is  only  by  a particular 
management  that  we  can  procure  them  in  a 
pure  and  uncombined  Rate.  The  carbonic  acid 
may  be  feparated  from  them,  l)y  prefenting  to 
them  any  fubftance  which  has  a Rronger  at- 
traction for  that  acid.  The  alkalies,  thus  freed 
from  carbonic  acid,  are  faid-to  -be  cauRic.  In 
this  Rate  they  unite  readily  with  fats  and  oils, 
and  form  foap.  The  fixed  alkalies  combine 
with  fulphur  by  fufion,  and  form  fulphurets. 
Thefe  alkaline  fulphurets  diffolve  metals,  even 
gold  itfelf 
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From  the  experiments  of  Thouvenel  and 
Chaptal,  on  the  formation  of  nitre,  as  well  as 
fome  others  lately  made  with  the  oxygenated 
miiriat  of  potatli,  there  is  reafon  to  conclude, 
that  the  combination  of  azote  with  lime  forms- 
potaili,  Avhile  its  union  with  magnefia  forms 
foci  a. 

The  volatile  alkali,  or  airnmniac^  is  clifiin- 
guifliccl  from  the  fixed  alkalies,  by  its  penetrat- 
‘ ing  odour  and  remarkable  volatility.  This 
alkali  is  obtained  in  great  abundance  from  ani- 
mal fubfiances,  and  particularly  from  the  horns: 
but  the  greateft  part  of  the  volatile  alkali  in  ufe 
is  produced  from  the  decompofition  of  fal  am- 
nmniac,  or  the  muriat  of  ammoniac,  by  diftil- 
}ing  this  fait  in  contact  with  fame  fubftance, 
.which,  by  its  fuperior  affinity,  difiodges  the 
volatile  alkali  from  the  muriatic  acid.  When 
quicklime  is  ufed  for  this  purpofe,  the  volatile 
alkali  is  obtained  in  the  form  of  gas  and  cauf- 
tic.  This  gas  is  lighter  than  atmofpheric  air,  and 
extinguifhes  life  and  flame.  It  has  a power- 
ful fniell  and  acrid  tafte,  and  turns  green  the 
blue  vegetable  colours.  It  is  rapid jy  abforbcd 
by  water,  forming  llqu'Kl  ammoniac.  It  is  allb 
' ' ' quickly 
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quickly  abforbed  by  muriatic  acid  gas.  From  fe- 
veral  experiments  made  by  M.  Berthollet  and 
Dr.  Audin,  it  has  been  proved,  that  ammoniac 
is  compofed  of  hydrogen  and  azote.  According 
to  the  analyfis  of  the  former,  1000  parts  of 
ammoniac  are  compofed  of  807  of  azote,  and 
193  of  hydrogen. 

See  Rutherford’s  Thefts  de  Aere  Mephitico. — Priellley’s 
Experiments. — Auftin’s  Paper  in  the  Philof.  Tranf. 
1788. — Lavoifier,  Fourcroy,  Captal,  &c,  * 
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In  the  laft  Le(flure  a general  view  was'  given 
of  the  combination  of  azote  vdth  hydrogen  and 
the  earths,  which  formed  the  alkalies.  We 
fliall  now  confider  its  combination  with  oxygen, 
which  forms  the  nitric  acid ; but  before  we 
examine  the  nature  of  this  acid,  it  will  be  bed 
to  take  a view  of  the  general  properties  of  acid 
bodies : thefe  will  be  found  to  be  the  fol- 
lowing : 

L They  excite  a particular  fenfation  on  the 
palate,  which  we  call  four. 

2.  They  change  the  blue  colours  of  vegeta- 
bles into  red. 
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3.  All  of  them,  exceptlhg  the  carbonic  acid, 
effervefce  with  the  mild  alkalies. 

M.  Lavoifier  has  proved,  by  an  accurate  ana- 
lyfis  of  the  greater  part  of  known  acids,  that 
oxyg-en  forms  the  acidifying  principie  of  all, 
and  that  their  dilfercnce  from  each  other  de- 
pends on  the  fubftance  combined  with  the 
oxygen.  The  adhefion  of  oxygen  to  the  bafc 
is  more  or  lefs  ftrong  in  different  acids,  in  con- 
fequence  of  which  they  are  more  or  lefs  eafily 
decompofed. 

It  has  been  proved,  both  by  analyfis  and  fyn- 
thefis,  that  the  nitric  acid  is  compofed  of  four 
parts  of  oxygenj  and  one  of  azote,  chemically 
combined. 

This  acid  is  never  found  pure,  but  always 
in  a Rate  of  combination,  commonly  with 
potafh,  forming  nitrat  of  potajh,  or  common 
nitre.  From  this  fait  it  is  extraded  for  ufe, 
by  means  of  the  fulphuric  acid,  which  diflodges 
the  nitric  acid  from  the  alkali,  by  its  greater 
affinity.  What  remains  in  the  retort  is  fulphat 
of  potaffi ; the  nitric  acid  paffes  over  into  the 

receiver. 
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receiver,  and  is  purified,  if  neccfiary,  by  vari- 
ous.  means*  , 

Nitric  acid  acts  powerfully  on  inflammable 
and  metallic  fubflances,  and  during  this  adtioii 
it  becomes  decompofed  ; a part  of  its  oxygen 
unites  with  the  inflammable  fubflance ; while 
llie  azote,  united  to  a fmaller  portion  of  oxy- 
gen, flies  off  in  the  form  of  gas,  which  may 
be  received  under  a pneumatic  apparatus, 
and  is  called  nitrous  gas.  This  gas  is  fome- 
what  lighter  than  common  air,  and  is  im- 
proper for  refpiration  and  combuftion.  Oxy- 
gen gas  combines  -with  it  very  rapidly,  con- 
verting it  into  nitric  acid  ; atmofpheric  air 
produces  the  fame  effe6l,  but  more  flowly* 

• This  combination  of  oxygen  and  nitrous  gas 
prefents  many  important  and  interefting  phe- 
nomena. The  more  pure  the  air  is,  the  more 
rapid  and  remarkable  are  thefe  phenomena ; 
and  on  this  principle  has  been  contrived  ah 
eudiometer,  or  inftrument  for  afeertaining  the 
purity  of  the  atmofphere.  When  azote  is  com- 
bined with  a fmall  portion  of  oxygen,  it  forms 
this  gas  ; when  more  oxygen  is  added,  it  forms 
the  fuming  nitrous  acid  ; and  when  fully  fatu-, 

rated 
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rated  with  this  principle,  nitric  acid  Is  pro- 
duced. - 

Azotic  gas  may  be  combined  with  a hill 
finaller  portion  of  oxygen,  Mdien  it  forms  tlie 
oxyd  of  nitrogen,  or  gafeous  oxyd  of  azote,  in 
which  a candle  burns  with  a brilliant  flame, 
and  which  produces  curious  efte6ls  on  the  nerv- 
ous fyftem  when  received  into  the  lungs.  This 
gas  is  procured  moft  cafily  from  nitrat  of  am- 
moniac. 

Nitric  acid  combines  Avith  various  fubftances, 
forming  falts,  Avhicli  are  called  nitrats  : thofe 
formed  by  the  nitrous  acid  being  called  nitrites. 
The  moft  important  combination  is  the  nitrat  of 
potajh,  or  common  nitre.  This  fait  is  produced,  in 
conliderable  quantity,  in  many  parts  of  the  world, 
by  expofmg  putrifyiug  animal  fubftances  to  the 
air,  in  conta6l  with  lime.  The  lime,  uniting  with 
the  'azote  of  th'e''aniinal  Tubflance,’^^ probably 
forms  potafl'! ; and  the  combination^of  this  azote, 
from  the  fame  fource,  A\dth  the  ox}\gen  of  the 
atmofphere,  produces  nitric  acid.  A confider- 
able  part,  however,  of.the  nitric  acid  thus  form- 
ed, is  combined  with  lime,  Avhich  bafe  is  ex- 
changed for  an  alkaline  bafe,  to  convert  it  into 

H nitre. 
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nitre.  It  is  afterwards  purified  by  folution  and 
cryftallization. 

When  nitrat  of  potafh  is  diftilled  in  a red 
heat,  12,000  cubic  inches  of  oxygen  gas  may 
be  procured  from  a pound  of  it.  One  hundred 
parts  ^ of  this  fait  are  compofed  of  thirty  of 
nitric  acid,  fixty-three  of  potafli,  and  feven  of 
water. 

j 

This  fait’  fufes  at  a moderate  heat,  on  account 
of  the  water  of  cryftallization  which  it  contains. 
If  it  be  kept  in  this  ftate  till  the  water  of  cryf- 
tallization be  diflipated,  and  then  call  into 
moulds,  it  forms  what  has  been  called  fal  pru- 
nel,  or  minerul  cryjial,.  Mixed  with  an  equal 
quantity  of  fulphur,  and  fufed  in  a hot  cruci- 
ble, the  mixed  fait  is  formed  which  has  been 
called  Jal  poly  chrtji. 

1 I i . • ( 

Nitrat;  of  potafii. detonates  when  mixed  \idth 
charcoal,  and  thrown  into  a hot  crucible,  pro- 
ducing a beautiful  fparkling  flame,  and  a co- 
pious extrication  of  carbonic  acid  and  azotic 
gas.  ; Caibonat  of  potafli  remains  in  the  cru- 
cible. 
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Nitre  is  ufed  for  preferving*  meat,  making  ^ 
gunpowder,  fire-works,  &c.  ’■  .-i  , ■; 

With  foda,  this' acid  forms  nitrat  ofjoda,  or 
cubic  nitre.  This  fait  decrepitates  in  the  fire, 
and  is  flightly  diliquefcent: — foluble  'in  three 
parts  of  cold  water.  One  hundred 'parts  of  it  are 
comppfed  of  29  of  nitric  acid,  50  of  foda,  and 
21  of  water.  . . 

With  ammoniaO,  > nitric  acid 'forms  nitrat  of 
ammoniac.  This  fait  cryftallizes  with  difficulty 
into  regular  needles,  and  is  foluble  in  about  half 
its  weight  of  boiling  water.  One  hundred  parts 
confifl  of  72,5  parts  of  acid,  M9, 3 of  ammoniac, 
and  8,2  of  water.  It  diliquefces  in  the  air  ; when 
diflilled  in  a moderate  heat,  it  is  converted  into 
water  and  gcfeous  o.vyd  of  azote.,  and  affords 
an  eafy  way  of  procuring  this  gas. 

The  following  is  the  order  of  affinities  of  the 
nitric  acid  with  falifiable  bafes ; « 


Barytes, 

Potaffi, 

Soda, 

Strontian, 


Lime,  Jargonia, 
Magnefia,  Metallic  Oxyds, 
Ammoniac,  Water. 

Alumin, 


H 2 
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If  feventy-five  parts  of  nitre,  nine  and  a half 
of  fulphur,  and  fifteen  and  a half  of  charcoal, 
be  mixed  together,  they  form  gunpowder  ; the 
effe61s  of  which  depend  on  the  rapid  and  in- 
flantaneous  decompofition  of  the  nitre,  and  the 
combuftion  of  fulphur  and  charcoal  by  means 
of  its  oxygen.  ’ . 

See  Journal  Polytechnique,  Cahler  iii.  p.  372.  Beaume 
& Darcy’s  work  on  gunpowder.  Lavoifier,  Chaptal, 
, Fourcroy,  La  Grange,  and  Encycloped.  Brit. — See 
alfo  Davy’s  Chemical  and  Philofophical  Refearches. 
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Charcoal  is  placed  among  the  elementary 
bodies,  becaufe  we  have  not  yet  by  any  means 
been  able  to  decoinpofe  it.  It  forms  the  tkeleton 
of  vegetables,  or  their  woody  .fibre.  The  mi- 
crofcope  difcovers  a furprizing  number  of  pores 
in  charcoal.  Dr.  Hook  calculated  that  a piece 
of  charcoal,  of  an  inch  in  diam.eter,  contains 
no  lefs  than  5,724,000  pores.  It  is  to  this  poro- 
fity  that  the  blacknefs  of  charcoal  is  owing, 
and  through  thefe  pores  the  vegetable  juices 
circulate. 

Charcoal  is  very  incorruptible,  and  on  that 
account,  the  lower  parts  of  polls  ufed  in  paling, 
are  charred,  to  preferve  them. 

H 3 
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The  charcoal  is  procured  by  heating  wood  ii* 
fo  flow  a manner  that  the  oily  and  Avatery  parts 
are  driven  off  in  vapour;  while  the  carbon, 
which  cannot  be  reduced  to  vapour  by  heat,  re- 
mains, preferving  the  exact  form  of  the  vege- 
table. 

The  very  light  charcoals  of  linen,  cotton, 
and  fome  fungi,  readily  catch  fire  from  a fpark: 
thefe  fubftances  are  called  tinder.  Charcoal  is 
much  ufed  in  chemiftry,  and  in  fevcral  of  the 
arts.  It  is  one  of  the  moft  powerful  antifeptics 
vdth  which  we  are  acquainted.  Hence,  it  pre- 
ferves  water  from  putrefaction,  and  reftores  its 
fweetnefs,  after  it  has  become  putrid.  It  pre- 
ferves  meat,,  and  Avill  render  brown  rancid  oils 
fw^eet  and  clear.  New  made  charcoal  when  rolled 
up  in  cloths  Avhich  have  • contra(^ed  a difagree-, 
able  odour,  elfeQ;ually  deftroys  it;  which  effedl.s 
are  produced  by  its  ftrong  affinity  for  oxygen. 
It  is,  perhaps,  the  befl;  tooth-powder  known. 

The  pureft  flate  in  which  carbon  is  found,  is 
in  the  cryftallized  flate,  or  diamond;  it  probably 
exifts  in  a flate  of  confiderable  purity  in  the  ve- 
getable fibre;  but  the  common  black  charcoal 
•ppears  to  be  an  oxyd  of  carbon. 


If 
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If  by  any  means,  large  quantities  of  vegetable 
matters  are  buried  at  fome  depth  under  ground, 
or  kept  for  a long  time  from  contact  with  the 
atmofphere,  the  aqueous  and  oily  parts  will  be 
iliilipated,  and  the  vegetable  fibre  will  remain  in 
the  form  of  a charcoal,  mixed  with  more  or  lefs 
fulphur,  which  is  contained  in  all  vegetables. 
The  immenfe  quantity  of  leaves,  and  other  ve- 
getable matters  that  are  continually  walked 
down  rivers,  will  be  collected  in  beds  at  the 
bottom  of  the  fea,  and  there  become  charred; 
and  being  reduced  into  a minute  Hate  by  attri- 
tion, and  other  circumftances,  inllead  of  pre- 
ferving  the  appearance  of  vegetables,  they  re- 
fenible  foflils,  and  form  beds  of  coal, 

» t . 

/ 

AV’hen  charcoal  is  burned  in  a quantity  of 
oxygen  gas,  exadlly  fufficient  for  its  combullion, 
both  the  charcoal  and  oxygen  gas  difappear, 
and  a quantity  ' of  elaftic  fluid.is  found  in  the 
vefi’el,  which  is  'equal  in  weight  to  both  the 
charcoal  and  oxygen  gas.  ' j'  : ' 

, ■ 07:' 

This  elaftic  fluid  is  manifeftly  acid,  and  being 
compofed  of  carbon  and  oxygen,  'it  is  called  in 
the  new  Nomenclature  the  carbonic  acid.  We 
arc  indebted  to  Dr.  Black  for  our  knowledge  of 

n 4 fome 
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fome  ot  the  molt  remarkable  properties  of  this 
rtuid;  lie  was  the  lirli;  M’ho  difcoverccUthe  afli- 
nity  between  this  gas  and  alkalies,  quicklime, 
and  magndia. 

>■  .,  i 

This  fubHance  has  received  different  names 
from  different  chemifts.  ‘Dr.  Black  called  it 
fixed  air,  which,  Macqner  obferves,  is  by  no 
means  a proper  name  for  it ; he  called  it  mephitic 
air,  but  this  is  lujt  by  any  means  peculiarly  cha- 
laCleriftic.  Bergman  called  it  aerial  acid,  and 
it  has  likewife  been  called  the  cretaceous  acid, 
or  acid  of  chalk,  becaufe  it  is  contained  in  large 
quantity  in  that  fubfiance. 

This  acid  exifts  in  three  different  fiates ; in  a 
ffatc  of  combination,  in  the  Rate  of  gas,  and 
in  that  of  mixture.  It  is  combined  with  cal- 
careous earth  or  lime.  It  conffitutes  nearly 
half  the  weight ' of  chalk,  limefione,  marble, 
See.  converting  them  into  faline  fubftances  or 
carbonats.  It  may  be  procured  from  thefe  lub- 
fiances  by  two  different  methods,  namely,  by 
heat,  or  the  aft'ufion  of  acids.  The  lirft  is  done 
in  burning  lime  ; the  carbonic  acid  combines 
with  caloric,  and  flies  oft’  in  the  form  ot  gas, 
,,  . leaving 
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leaving  the  calcareous  earth  pure.  If  a quan- 
tity of  chalk  be  put  into  a retort,  and  fulphuric 
acid  poured  upon  it,  the  carbonic  acid  may  be 
expelled  in  the  form  of  gas,  and  is  found  to  be 
polfelfed  of  the  following  properties:  Eirft,  it 
extinguillies  flame,  and  kills  animals  immerfed 
in  it:  Second,  its  fpecilic  gravity  is  much 
greater  than  that  of  common  air  ; on  this  ac- 
count, it  occupies  the  lowed  part  of  the  atmof- 
phere,  and  may  be.  poured  out  of  one  veflel  into 
another,  like  water. 

• f 1 

This  gas  is  emitted  in  large  quantities  by  fer- 
menting liquors,  j and  being  often  generated 
plentifully  in  coal  mines,  is  inftantly  fatal  to 
the  miners,  who  call  it  the  choak,  or  chalk 
damp.  Wells,  which  have  been  long  fhut  up, 
are  often  found  filled  with  this  gas,  and,  there- 
fore, workmen  fhould  never  enter  them  without 
proper  precautions.  There  are  methods,  how- 
ever, by  which  both  coal  pits  and  wells  may  be 
purified. 

There  are  fome  natural  caverns  in  which  this 
gas  is  produced  in  confiderablc  quantity,  and 
runs  out  at  the  opening  like  a ftrcajn  of  water ; 

this 
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this  is  particularly  the  cafe  with  the  celebrated 
grotto  Del  Cani, 

Charcoal  tliould  never  be  burned  in  rooms 
that  have  no  chimney,  liecaufc  the  red  hot 
charcoal  unites  with  the  oxygen  of  the  at- 
mofj^here,  and  forms  carbonic  acid,  which 
cannot  efcape  without  a ventilator.  Some  me- 
lancholy accidents  have  happened  from  this 
caufe. 

Water  abforbs  more  than  its  bulk  of  this  gas 
at  a mean  temperature,  and  acquires  an  acid 
tafte,  and  fparkling-  appearance,  like  fome  of 
the  mineral  waters.  Various  methods  have 
been  contrived  for  impregnating  water -with  this 
gas,  but  the  machine  invented  by  Dr.  Nooth 
is  by  much  the  moft  conv'enient  and  elegant. 
Molt  mineral  waters  owe  their  diarp  fpirituous 
tafte  to  this  gas.  Water  thus  impregnated  is 
capal)le  of  diffolving  a fmall  quantity  of  iron, 
and  forms  an  elegant  chalybeate,  fimilar  to 
fome  of  the  natural  chalybeates.  When  fixed 
alkali  is  previoufly  difiblved  in  water,  it  will 
then  abforb  a much  greater  quantity  of  carbonic 
acid  than  common  water,  forming  the  aqua 
mephitica  alkalina,  which  is  fo  ufeful  in  calcu- 
lous 
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lous  complaints.  This  is,  likewife,'  the  befl 
AV'ay  of  giving  effervefcing  draughts.  Carbonat 
of  lime  cannot  be  diffolved  in  water,  except  in 
very  fmall  quantity ; but  ]3ure  lime  can  be  dif- 
foived  in  confiderably  greater  weight,  forming 
lime-water,  which  is  an  excellent  teft  of  the 
prefence  of  carbonic  acid;  for  it  is  inftantly  pre- 
cipitated by  that  acid  in  the  form  of  carbonat 
of  lime.  By  this  mean  we  alfo  prove,  that  the 
air  v/hich  comes  from  the  lungs  contains  car- 
bonic acid. 

' But  though  water  will  only  diflblve  a very 
fmall  portion  of  carbonat  of  lime,  yet,  if  the 
water  be  faturated  with  carbonic  acid,  it  will 
then  ditfolve  carbonat  of  lime  in  confideralDle 
quantity.  If  this  folution  be  let  fall,  drop  by 
drop,  on  any  fubftance,  as  the  carbonic  acid 
efcapes,  the  carbonat  of  lime  will  be  depofited 
upon  the  fubftance,  which  will  in  this  manner 
become  encrufted  with  a coat  of  calcareous 
earth.  In  this  ftate  the  fubftance  has  been 
called  petrified. 

Cyder,  beer,  and  other  fermented  liquors, 
owe  their  brifknefs  to  the  carbonic  acid  which 
they  contain. 


Many 
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Many  chemifls  Inppoled  that  cart)onic  acid 
was  compofecl  of  vital  air  and  phlogifton;  but 
as  the  fcience  of  chemiftry  advanced,  it  was 
proved  by  Lavoifier,  that  the  charcoal  of  wood 
combined  with  vital  air,  and  formed  carbonic 
acid.  With  this  fynthetic  proof  the  French 
chemifts  were  contented  ; it  was  afterM’ards  de- 
monftrated  analytically  by  Dr.  Tennant,  who 
fhowed  that  charcoal  and  phofphoric  acid  were 
produced,  by  applying  phofphorus  to  red  hot 
marble;  from  which  he  inferred,  that  the  car- 
bonic acid  of  the  marble  was  decompofed  ; its 
oxygen,  uniting  with  the  phofphorus,  formed 
phofi)horic  acid,  while  the  carbon  was  left  un- 
combined. 


The  affinities  of  the  carbonic  acid  arc  as 
follow : 


Barytes, 

Lime, 

Strontian, 

Potalh, 


Soda, 
Magnefia, 
Alum  in. 
Metallic  oxyds 


On  the  combuflion  of  the  diamond,  fee  Tennant’s  Expe.- 
riments.  Phil.  Tranf.  1797. — Guyton.  Annales  de 
Chimie. 
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On  the  hiftory  of  carbonic  acid,  fee  Black’s  Paper. 
Phyfical  and  Literary  Eflays,  Vol.  II. — Bergman’s 
Effays,  Vol.  I. — Prieftley’s  Obfervations. 

On  the  decompofition  of  this  acid,  fee  Tennant’s  Experi- 
ments. Phil.  Trans.  1791. — Pearfon’s  ditto.  Phil. 
Trans.  17^3.  And, 

On  the  properties  of  this  acid,  fee  Black’s  and  Bergman’s 
Effays  above  quoted. — Prieftley. — Fourcroy. — Lavoi- 
fter.— Chaptal,  and  La  Grange. 
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Sulphur  h a very  combuftible  fubftance, 

dry,  brittle,  and  of  a fine  yellow  colour.'  It 
has  no  fmell  excepting  it  be  warmed,  when  it 
fends  forth  a peculiar  though  weak'odour.  If  it 
he  rubbed,  it  becomes  ele6lrical,  and  a roll  of 
fulphur,  grafped  in  the  hapd,  breaks  with  a 
crackling  noife. 


Sulphur  is  found  in  great  quantity  in  nature, 
fometimes  in  a ftate  of  purity,  but  moll  com- 
monly combined  with  fome  of  the  metals.  It 
is  frequently  formed  by  the  decompofition  of 
animal  and  vegetable  fubllances;  and  particu- 
larly where  large,  quantities^  of  vegetables  are  . 
putrefying. 


A moderate 
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A moderate  degree  of  heat  is  fulhcient  to  melt 
fiilphur,  and  if  at  the  inftant  when  its  furface 
begins  to  congeal,  the  liquid  fulphur  under  the 
furface  be  poured  into  another  velfel,  it  will 
form  cryftals.  It  may  be  feparated  from  its  im- 
purities by  fublimation,  and  then  it  is  called 
fublimed  fiilphm',  oi  flower  of  fulphur.  When 
fufed  and  poured  into  moulds,  it  forms  roll  ful- 
phur. 

Sulphur  unites  with  moft  of  the  metals,  and 
renders  them  very  brittle  and  fufible:  moft  of 
the  imperfe6l  metals  are  indeed  found  combined 
with  fulphur,  or  mineralized  by  it,  as  it  is 
termed ; the  metal  is  freed  from  the  fulphur  by 
roafting,  before  it  is  fmelted.  Sulphur  unites 
with  iron  when  that  metal  is  red  hot,  and  forms 
a hard  compound;  and  this  furnithes  us  with 
an  eafy  and  excellent  way  of  faftening  pieces  of 
iron  in  ftone. 

Sulphur,  like  all  combuftible  bodies,  only 
burns  in  proportion  to  the  quantity  of  oxvgen 
which  combines  with  it ; and  the  products  of 
this  combuftion  vary  according  to  the  propor- 
tion of  oxygen  combined  with  the  fulphur:  if 
only  a fmall  quantity  of  oxygen  be  combined 
5 with 
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with  it,  a volatile  and  penetrating  acid  is 
formed,  C2l\\c([  fulphurous  but  if  the  coin- 
buftion  be  carried  on  rapidly,  fo  that  a greater 
quantity  of  oxygen  may  be  combined  with  the 
fulphur,  a ponderous  achl  is  formed,  called  the 
fulphuric.  Sulphuric  acid,  according  to  ller- 
thollet,  contains  63,2  parts  of  fulphur,  and 
36,8  of  oxygen. 

The  charaders  of  this  acid  are  the  following; 
Firft,  it  is  undluous  and  greafy  to  the  touch. 
Second,  its  fpecific  gravity  is  much  greater  than 
that  of  water.  Third,  when  mixed  with  an 
equal  (juantity  of  water,  a degree  of  heat  is 
produced  greater  than  that  of  boiling  water. 

I 

Concentrated  fulphuric  acid,  expofed  to  cold, 
concretes,  and  may  be  obtained  in  a cryftallhie 
form.  The  fulphnric  acid  is  ufed  in  feveral  of 
the  arts  and  manufadures.  i 

This  acid,  united  to  potafli,  forms  a neutral 
fait,  called  fulphat  of  potaih.  One  hundred 
parts  of  this  fait  contain  thirty  of- acid,  fixty- 
hve  of  alkali,  and  live  of  water.  It  decrepi- 
tates on  hot  coals ; but  with  greater  heat  it  fufes," 
and  is  volatilized  without  dccoinpofition. 


This 
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This  acid,  combined  with  the  mineral  alkali, 
forms  fidphat  of  foda,  which  may  be  procured 
in  beautiful  ciyftals,  and  is  commonly  known 
by  the  name  of  Glauber’s  fait.  One  hundred 
parts  of  this  fait  contain  fourteen  of  acid, 
twenty-two  of  alkali,  and  fixty-four  of  water. 
It  has  a very  bitter  tafte,  fwells  and  boils  up- 
on hot  coals,  efflorefces  in  the  air,  and  is 
foluble  in,  three  parts  of  cold  and  one  of 
boilino:  M'ater.  With  the  volatile  alkali  the 
fulphuric  acid  forms  a neutral  fait,  called  the 
fulphat  of  ammoniac,  which  cryftallizes  with 
difficulty,  and  is  little  known. 

The  affinities  of  the  fulphuric  acid  are  as 


follow : 

\ 

Barytes, 

Lime, 

Alumin, 

Strontian, 

Magnefia 

Jargonia, 

Potaffi, 

Soda, 

Ammoniac, 

Metallic  Oxyds. 

1 

On  the  purification  of  fulphur,  feeMacquer  and  Henkel. 
— On  the  fulphuric  acid,  and  its  combinations,  fee 
Fourcroy. — Lavoifier. — Chaptal. — La  Grange,  &c. ' 
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P HGSPHORUS  is  one  of  the  moft  curious 
fubftances  in  chemiftry  ; the  clifcovery  of  it  is 
attributed  by  Leibnitz  to  Brandt.  He  made 
this  difcovery  in  the  year  1667,  and  communi- 
cated it  to  Kraft,  who  is  faid  to  have  imparted 
it  to  Mr.  Boyle. 

It  appears  that  Kunckel  and  Kraft  had  agreed 
to  purchafe  the  fecret  from  Brandt ; but  Kunckel 
having  been  deceived  by  Kraft,  fell  to  work  him- 
felf,  and  difcovered  a way  of  making  this  fub , 
ftance,  which  he  publilhed,  and  from  that  time 
it  has  generally  gone  by  his  name. 

For  fome  time  phofphorus  was  made  in  very 
inconfiderable  quantities,  the  operation  being- 
tedious  and  difagreeable,  confifting  in  evapo- 
rating 
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rating  large  quantities  of  urine.  Various  me- 
thods were  taken  to  thorten  the  operation,  and 
render  the  procefs  lefs  difagreeable,  but  to  little 
purpofe;  the  beft  account  of  this  method  of 
making  phofphorus  was  publiflied  by  Margralf, 
in  the  Berlin  Memoirs. 

In  1769,  Gahn  difcovered  that  the  earth, 
which  remains  after  the  calcination  of  bones, 
conlifts  of  phofphat  of  lime ; and  Scheele 
proved,  that,  by  mixing  this  phofphat  of  lime 
with  the  nitric  or  fulphuric  acids,  tbefe  acids, 
by  their  fuperior  attra<5tion,  combined  with  the 
lime,  and  expelled  the  phofphoric  acid  ; and  by 
diftilling  this  acid  with  powdered  charcoal,  he 
obtained  phofphorus.  The  procefs  is  very  well 
defcribed  in  Chaptal’s  Elements  of  Ghemiftry. 

Since  this  time,  phofphorus  has  generally 
been  extracted  from  the  earth  of  bones,  and  the 
making  of  it  is  by  no  means  fo  difficult  an  ope- 
ration as  formerly. 

In  whatever  manner  phofphorus  is  made,  it 
is  always  the  fame  fubftance.  It  is  generally 
of  a fleffi  colour,  and  tranfparent  when  pure  ; 
of  the  confiftence  of  wax,  and  may  be  cut  with 

I 2 a knife. 
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a knife.  When  it  comes  in  conta6i;  Avith  the 
air  it  emits  a white  fmoke,  and  its  furface  ap- 
pears luminous  in  the  dark.  When  expofed  to 
the  atmolpher,e,  and  heated  to  about  100  degrees 
of  Fahrenheit’s  fcale,  it  takes  fire,  and  burns 
with  great  rapidity  ; what  remains  after  the 
combuftion  is  of  a red  colour,  attrafts  humidity 
from  the  air,  and  becomes  liquid  ; this  liquid  is 
the  phofphoric  acid  which  will  foon  be  noticed. 

If  we  Avrite  Avitli  phofphorus  upon  any  folid 
body,  the  chara6lers  become  luminous  in  the 
dark.  Various  contrivances  have  been  made 
for  lighting  a candle  by  means  of  phofphorus, 
fuch  as  the  philofophical  fire-bottles,  and  phof- 
phoric bougies;  the  phofphuret  of  lime  feems 
to  anfwer  this  purpofe  A^ry  Avell. 

Phofphorus  is  capable  of  being  difiblved  by 
various  liquids;  fuch  as  alcohol,  ether,  and  oil, 
which  it  renders  luminous.  The  phofphoric  oil, 
or  liquid  phofphorus,  as  it  is  generally  called, 
may  be  rubbed  upon  any  part  of  the  body  Avith- ' 
out  danger,  and  renders  that  part  luminous  in 
the  dark.  The  light  produced  by  this  folution 
of  phofphorus  in  oil  very  much  refembles  that 
of  the  glow-AVorm. 
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If  a very  thin  flice  of  phofphorus  be  placed 
on  an  anvil,  with  a finall  quantity  of  nitrate  of 
filver,  or  any  of  the  metallic  nitrates,  and 
fmartly  Rruck  with  a hammer,  a loud  detonation 
is  produced,  and  the  metal  is  revived.  The 
oxyds  of  gold,  filver,  and  mercury,  produce 
the  fame  etfe6l  in  a dill  more  violent  degree. 

Putrifying  animal  fubftances  generally  emit  a 
phofphoric  light,  and  particularly  filli ; rotten 
wood  often  does  the  lame. 

If  phofphorus  be  heated  and  plunged  in  ,pure 
oxygen  gas,  it  burns  with  great  brilliancy ; 
during  this  combuftion  the  oxygen  is  abforbed, 
and  a quantity  of  acid  liquor  formed,  which  is 
equal  in  weight  to  the  quantity  of  oxygen  and 
phofphorus  confumed.  Lavoilier  and  De  la 
Place  have  found  that  forty-five  grains  of  phof- 
phorus, during  their  coinbufiion,  abforb  fixty- 
fiv'e  grains  of  oxygen. 

The  phofphoric  acid  thus  formed,  when  puri- 
fied from  any  undecompufed  phofphorus  which 
it  may  contain,  by  digefting  alcohol  upon  it,  is 
clear,  inodorous,  and  not  coriofive;  it  may  be 
concentrated  to  drynefs,  when  its  fpecific  gra- 

I 3 vitv, 
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vlty,  compared  with  water,  is  as  three  to  one ; 
It  IS  very  fixed,  and  may  be  converted  into, 
glafs  by  heat. 

Phofphorus  unites  V'ith  oxygen  in  three  dif- 
ferent ways  : FiiTt,  by  a rapid  combuftion  and 
deflagration.  Second,  by  a flow  combuftion. 
Third,  by  a decompofitipn  of  bodies  which  con- 
tain oxygen. 

The  phofphoric  acid  combines  "with  a variety 
of  fubftances,  particularly  lime,  and  the  alka- 
lies. With  lime  it  forms  phofphat  of  lime,  or, 
earth  of  bones,  which  is  fometimes  found  in 
nature  in  large  quantities;  entire  rocks  being 
compofed  of  it.  With  potafh  this  acid  forms  a 
fait  capable  of  cryftallization,  called  phofphat 
of  potajh,  which  is  very  foluble  in  cold,  and 
Rill  more  fo  in  hot  water;  it  decrepitates  on 
ignited  coals  like  common  fait,  and  with  a 
ftrong  heat  fufes  into  an  opaque  vitreous  mafs, 
Rill  foluble  in  water:  it  is  very  little  known. 
With  foda  it  forms  a fait,  which  may  be  pro- 
cured in  beautiful  cryRals,  called  phofphat  of 
foda,  but  better  known  by  the  name  of  foda 
phofphorata,  or  taftelefs  purging  fait:  its  tafte 
is  almoft  the  fame  with  cbramon  fait;  it  is  very 
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foluble  in  water,  and  efflorefces  when  expofed  to 
the  air.  It  is  chiefly  nfed  as  a purgative. 
Phofphat  of  foda,  combined  M'ith  pbofphoric 
acid,  forms  acidulous  phofphat  of  foda,  called 
by  Haupt,  fal  mirabile  perlatum. 

Tlie  affinities  of  the  phofphoric  acid  are  as 
follow: 

\ 

Lime,  Magnefia,  Ammoniac, 

Barytes,  Potaffi,  Alumin, 

Strontian,  Soda,  Metallic  oxyds. 

Phofphoric  acid  unites  with  ammoniac,  and 
forms  phofphat  of  ammoniac;  a.  fait  which  is 
fometimes  found  in  putrifying  animal  fubr 
fiances,  but  is  very  little  known.  It  is  foluble 
in  water;  heat  evaporates  it  fo  eafily,  that  it  is 
difficult  to  obtain  it  in  cryftals,  except  by  add-? 
ing  an  excefs  of  alkali. 

Microcofmic  fait  appears  to  be  a mixture  of 
thefe  two  laft  defcribed  falts, 

For  the  hiftory  of  phofphorus  fee  Boyle,  abridged  by 
Shaw,  III.  174. — Bergman’s  notes  on  Scheffer. — 
Stahl’s  Three  Hundred  Experiments.  — Leibnitz, 
I 4 Melange 
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Melange  de  Berlln.-^For  the  properties  of  this  fub- 
ftance,  fee  Fourcroy. — Chaptal. — ^Le  Grange. — Guy- 
ton ; Encyclop.  Method.  Chimie. — Lavoifier. — Berg- 
man.— Gren’s  Principles  of  Modern  Chemiftry,  Vol. 
II.  &c. 
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The  muriatic  acid,  or  fpirit  of  fait,  as  it  is 
commonly  called,  is  very  abundant  in  the  mi- 
neral kingdom,  being  naturally  combined  with 
different  bafes,  particularly  with  foda,  lime, 
and  magnefia.  This  acid  is  never  found  pure 
or  uncombined;  and  in  order  to  obtain  it  in  this 
flate,  we  muft  difengage  it  from  other  fubftances, 
with  which  it  is  in  combination.  It  is  molt 
ufually  diifengaged  from  common  fait,  by 
means  of  the  fulphuric  acid,  which  having  a 
greater  affinity  for  the  foda,  the  muriatic  acid 
is  expelled  in  the  form  of  gas,  and  is  abforbed 
by  the  water  in  the  receiver.  Woulfe’s  appara- 
tus is  the  beft  for  this  purpofe. 


Though  in  the  new  Nomenclature,  the  muri- 
atic radical  is  j)ut  down  among  the  acidifiable 

bafes, 
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bafes,  yet  the  muriatic  acid  does  not  appear  to 
have  been  decompofed  in  any  chemical  experi- 
ment ; lb  that  we  have  no  idea  whatever  of  the 
nature  of  this  radical,  and  only  conclude  from 
analogy,  that  oxygen  is  its  acidifying  principle. 
Ur.  Girtanner  alTerted,  that  he  had  decompofed 
it,  and  that  it  confiflcd  of  hydrogen,  combined 
with  a greater  proportion  of  oxygen  than  enters 
into  the  coinpofition  of  water.  He  palfed  elec- 
trical explofions  through  muriatic  acid,  and 
obtained  a quantity  of  oxygen  and  hydrogen 
gas:  but  a repetition  of  thefe  experiments 
Hiewed,  that  thefe  gafes  did  not  originate  from 
the  dccoinpofition  of  the'  acid,  but  of  the  water 
with  which  the  acid  was  combined. 

The  muriatic  acid  is  more  light  and  volatile 
than  the  fulphuric,  and  has  a weaker  affinity  for 
earths  and  alkalies.  When  pure,  it  is  colour- 
lefs,  and  of  lefs  fpecific  gravity  than  the  nitric 
acid.  It  has  a peculiar  fuffocating  fmell,  and 
copioufly  emits  vapours,  which  are  rendered 
more  vifible  by  their  union  with  the  moifture  of 
the  atmofphere. 

This  acid  may  be  obtained  in  a gafeous  ftatc, 
by  receiving  the  muriatic  acid  vapours  over 
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mercury.  This  gas  is  heavier  than  common  air, 
and  extinguilhes  flame;  it  fuffocates  animals, 
and  is  fo  highly  cauftic  as  to  inflame  the  flvin. 

The  muriatic  acid  combines  with  potalh,  and 
forms  a fait  called  muriat  of  potajh,  formerly- 
known  by  the  name  of  febrifuge  fait  of  Silvius. 
The  crvftals  of  this  fait  are  not  cubic,  like  com- 
mon  fait,  but  parallellopepids.  One  hundred 
grains  of  this  fait  contain  thirty  of  muriatic 
acid,  fixty-foLir  of  potath,  and  fix  of  water. 

The  muriatic  acid  forms  with  foda  a neutral 
fait  called  muriat  of  foda : this  combination  is 
the  common  alimentary  fait,  the  tafle  of  which 
is  \rell  known : it  decrepitates  when  throAvn  upon 
hot  iron,  and  is  nearly  equally  foluble  in  cold 
and  hot  water.  One  hundred  parts  of  this  fait 
contain  thirty-four  of  acid,  fifty  of  alkali,  and 
fixteen  of  water.  The  figure  of  its  cryftals  is 
perfedtly  cubic.  It  is  ufually  procured  from 
fea-water  and  fait- fprings,  and  exifts,  in  various 
parts  of  the  Avorld,  in  the  form  of  foffil  or  rock- 
falt.  This  fait  is  of  three  kinds;  namely,  rock, 
or  native  fait,  bay  fait,  and  white  fait.  The 
firft  is  dug  out  of  mines;  the  fecond  is  procured 
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from  fea-water,  evaporated  by  the  fun ; and,  to 
obtain  the  laft,  fea-water  is  evaporated  by 
boiling. 

The  muriactic  acid  combines  vdth  the  volatile 
alkali  or  ammoniac,  forming  the  muriat  of  am- 
moniac. This  is  the  moft  ufeful  and  interefting 
of  all  the  combinations  of  ammoniac,  and  is 
known  by  the  name  of  crude  fal  ammoniac. 
This  fait  is  much  ufed  in  the  different  arts,  and 
has  the  property  of  making  tin  unite  very  readily 
with  iron  and  copper.  It  is  ufually  brought 
from  Egypt  in  femi-tranfparent  cakes,  but  fome 
inanufa6tories  of  it  have  lately  been  eftablilhed 
in  Europe:  thefe  have,  however,  been  kept 
fecret.  One  hundred  parts  of  this  fait  contain 
fifty-two  of  acid,  forty  of  ammoniac,  and  eight 
of  water.  - 

This  fait  may  be  decompofed  both  by  acids 
and  alkalies ; the  fulphuric  and  nitric  acids 
unite  with  the  ammoniac,  and  difengage  the 
muriatic  acid.  The  fixed  alkalies  and  lime  have 
' a greater  affinity  for  the  muriatic  acid  than  the 
ammoniac  has,  and  will,  therefore,  decompofe 
this  fait.  The  ammoniac,  when  expelled,  af- 

fumes 


LECTURE  XIX. 


Ii25 


fumes  the  form  of  gas;  and  we -can  fliow  both 
the  analyfis  and  fynthefis  of  this  fait  by  a ftrik- 
ing'  experiment. 

The  affinities  of  the  muriatic  acid  are  as 


follow  : 

Barytes, 

Strontian, 

Ammoniac, 

Potafii, 

Lime, 

Alumin, 

Soda, 

INIagnefia, 

Metallic  Oxyds. 

The  muriatic  acid  is  capable  of  combining 
with  a much  greater  quantity  of  oxygen  than  it 
poffetfes  in  the  Rate  of  common  muriatic  acid; 
and,  what  is  remarkable,  it  becomes  more  vola- 
tile, while  the  other  acids,  when  fuper-oxygen- 
ated,  become  more  fixed.  In  this  ftate,  like- 
wife  ; its  powers  as  an  acid  are  weakened  ; for  it 
has  a much  weaker  affinity  for  alkaline  falts, 
and  will  not  even  redden  the  blue  colours  of  ve- 
getables ; on  thcv  contrary,  it  deftroys  thefe 
colours.  The  acid  in  this  ftate  is  called  the  oxy- 
genated muriatic  acid.  The  muriatic  acid 
feizes  oxygen  with  great  avidity ; yet,  fo  weakly 
does  it  hold  it  in  union,  that  it  may  be  expelled 
by  a very  moderate  degree  of  heat,  or  even  by 
expofure  to  the  rays  of  the  fun.  This  acid  is 

procured 
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procured  by  diflilling  common  muriatic  acid 
from  the  oxyd  of  manganefc,  by  means  of 
Woulfe’s  apparatus : the  acid  attracts  the  oxygen 
of  the  manganefe,  and  flies  off  in  tlie  form  of 
gas,  which  is  readily  abforbed  by  M'ater.  It  is  of 
a yellowifli  colour,  has  a very  Itrong  difagree- 
able  finell,  and  its  vapours  irritate  the  larynx 
violently,  and  bring  on  the  fymptoms  of  a 
catarrh.  When  below  the  freezing  point,  it 
bryftallizes  in  quadrangular  prifms  : it  oxydatcs 
metals  with  rapidity,  and  thickens  oils. 

When  oxygenated  muriatic  acid  Is  mixed  vuth 
cauftic  or  pure  ammoniac,  a quantity  of  water 
is  formed,  and  azotic  gas  is  difengaged ; the 
acid  returning  to  the  ftate  of  common  muriatic 
acid.  In  this  experiment,  the  oxygen  of  the 
acid  combines  with  the  hydrogen  of  the  ammo- 
niac, and  forms  water.  This  acid  naturally  ex- 
ifts  in  the  ftate  of  gas  ; and  many  combultible 
bodies  plunged  into  this  gas  actually  take  fire. 

f 

The  oxygenated  muriatic  acid  forms  with 
potafli  a beautiful  white  fait  called  the  oxygen^ 
ated  muriat  of  potajh.  The  oxygenated  muri- 
atic acid  which  exifls  in  this  fait,  contains  much 
more  oxygen  than  when  in  a liquid  ftate,  and 

the 
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the  oxygen  is  very  loofely  attached,  being  fe- 
parable  by  mere  heat.  From  one  hundred  grains 
of  tliis  fait  may  be  procured  feventy-five  cubic 
inches  of  extremely  pure  oxygen  gas.  A fmall 
quantity  of  this  fait,  rubbed  in  a mortar  with 
flowers  of  fulphur,  explodes,  and  ftill  more  vio- 
lently with  phofphorus.  Charcoal,  arfenic,  ful- 
phuret  of  potalh,  cotton,  loaf-fugar,  oils, 
camphor,  rofm,  gum-arabic,  indigo,  &c.  pro-  ^ 
duce  a fimilar  efttft. 

/ 

If  this  fait  be  ufed  inftead  of  nitre,  a gun- 
powder will  be  formed,  much  more  powerful  in 
its  effects  than  common  gunpowder. 

The  affinities  of  the  oxjmiuriatic  acid  are 
very  different  from  thofe  of  the  muriatic  acid, 
being  as  follow: 


Alunhn, 

.Targonia, 

Ammoniac, 

Oxyd  of  Antimony, 

; Silver, 

Arfenic, 


Barytes, 

Strontian  ? 

Oxyd  of  Bifrauth, 
Lime, 

Other  metallic  Oxyds, 
Potafli, 
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If  the  muriatic  acid  be  combined  with  the 
nitric,  an  acid  is  formed,  wliicli  has  diiferent 
properties  from  either  of  its  component  parts: 
this  acid  is  called  in  tlie  new  Nomenclature  the 
mtro-viurlatic  acid.,  and  was  formerly  known  by 
the  name  of  aqua  regia. 

Berthollet  thinks,  that  in  this  cafe  the  acidi- 
fiable  bafes  combine,  and  form  a finglc  acid,  dif- 
ferent from  all  others ; but  Chaptal  is  of  opi- 
nion, that  in  this  operation  the  muriatic  acid 
becomes  oxygenated,  by  feizing  the  oxygen  of 
the  nitric  acid;  and  this,  on  feveral  accounts, 
feems  moll  probable. 

On  common  fait,  fee  Philos.  Trans.  Vol.  LXI. — Journal 
dePhyfique  for  1780,  p.  459. — Brownrigg  on  the  Art 
of  preparing  Salt. — Gren’s  Principles  of  Modern 
Chemiftry. — Encyclopasdia  Britannica. — Darwin’s  Bo- 
tanic Garden;  and  the  Author’s  Tour  through  the 
Highlands,  Vol.  I.  p.  150. 

On  the  muriatic  acid  and  its  combinations,  fee  Fourcroy. 
— Lavoificr.  — Gren.  — La  Grange.  — Cliaptal— and 
Macquer. 
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1 HE  principal  vegetable  acids  are  the  acetous 
and  the  tartarous : the  former  is  known  by  the 
name  of  vinegar,  and  is  produced  by  the  oxyda- 
tion  of  vinous  liquors,  generally  by  expofing 
them  to  the  atmofphere.  It  appears  in  the 
form  of  an  acid  liquor,  more  or  lefs  deeply 
tinged  ; by  diftillization  it  is  feparated  from  its 
impurities,  and  is  then  tranfparent  and  colour- 
lefs  j when  concentrated,  which  it  may  be  by 
various  methods,  'it  is  called  radical  vinega?'. 
The  acetous  acid  produces  neutral  falts  by  com- 
bining with  different  fubftances.  With  potafh 
It  ?ovms  acelite  of  potajli,  commonly  called 
retic  fait,  which  may  be  procured  in  fine  cryf- 
tals,  but  is  very  deliquefcent.  The  acetitt  of 
foda  is  likewife  deliquefcent,  but  very  little 
known.  The  acctite  of  ammoniac  is  extremely 
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deliquefcent,  and  is  known  in  medicine  by  the 
name  of  fpirit  of  Mindeierus,  The  radical  of 
the  acetous  'acid  is  carbon,  hydrogen,  and  a 
little  azote. 

It  acetite  of  coppet'  be  diftilled,  an  acid  comes 
over  of  a more  pungent  finell,  capable  of  cryf- 
flalliziiig,  and  having  a ftronger  affinity  for 
other  bodies  than  acetous  acid.  It  is  called 
the  acetic  acuU  and  is  fuppofed  to  contain 
a larger  proportion  of  oxygen  than  acetous 
acid. 

Several  vegetables,  . as  lemons,  forrel,  and 
unripe  fruit,  contain  acids  ready  formed  by 
nature,  which  confift,  like  the  acetous  acid, 
of  compound  radicals,  differing  only  in  the 
proportions  of  thofe  fubftances  Avliich  compofc 
the  radical,  Thefe  acids  may  be  concentrated 
by  freezing.  Among  thefe  is  the  citric  acidf 
which  may  be  procured  in  a cryftalline  Rate. 

Sugar,  and  the  farinaceous  vegetables,  con- 
fjR  of  hydrogen,  carbon,  and  a little  oxygen. 
If  thefe  fubftances  be  combined  with  more  oxy- 
gen, an  acid  may  be  procured,  in  cryftals,  re- 
fembling  the  acetous  acid  in  taRe,  but  differ- 
ing 
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ing  from  it  in  fome  other  properties.  This 
acid  is  called  acid  of  fugar,  or  oxalic  acid,  and 
is  generally  formed  by  oxydating  fugar  by 
means  of  the  nitric  acid.  It  exifts  ready  formed 
in  the  Oxalis  aceto fella.  ^ 

The  acid  of  fugar  unites  with  alkalies,  earths^ 
and  metals,  and  gives  the  name  of  oxalat  to 
the  combination.  The  moft  curious  fa61;  rela- 
tive to  this  acid  is,  that  it  attracts  lime  more 
powerfully  than  any  other  acid,  forming  with 
it  a compound  nearly  infoluble  ; on  this  ac- 
count it  is  an  excellent  tell  of  the  prefence  of 
lime.  The  acid  of  fugar  takes  fpots;  and  par- 
ticularly iron-moulds,  out  of  linen.  The  mallic 
and  citidc  acids  are  only  varieties  of  this  acid. 

Wood,  when  burned  or  diftilled,  yields  a 
particular  acid,  called  the  pyroligneous  acid, 
which  is  ufed  by  callico-printers  to  diffoLve  iron. 
Its  compounds  are  czWed  pyro-lignites. 

If  tartar  be  diffolved  in  water  by  boiling, 
and  the  clear  liquor  futfered  to  cryftallize,  beau- 
tiful cryftals  may  be  procured,  which  have  been, 
called  cream,  or  cryftals  of  tartar,  but,  accord- 
ing to  the  new  Nomenclature,  acidulous  tarta-- 
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rite  of  potafi ; for  they  confifi;  of  potaflj,  fuper- 
faturated  with  a particular  acid  called  the  tci7'~ 
tarous. 

The  acidulous  tartarite  of  potafli  is  capable 
of  combining  with  foda,  and  forms  a triple 
neutral  fait,  the  tartarite  of  foda,  which  has 
commonly  been  called  Rochelle  fait. 

The  radical  of  the  tartarous  acid  is,  like  other 
vegetable  acids,  compofed  of  hydrogen  and 
carbon. 

I 

The  bark  of  oak,  and  other  aftrinsrent  vesre-  • 
tables,  but  particularly  the  gall  nut,  contain  a 
fubftance  ■which  has  been  called  the  aftringent 
principle  ; it  has  lately  been  difeovered  to  be  a 
peculiar  acid,  and  is  called  the  gallic  acid.  This 
acid  has  a ftronger  attraction  for  metallic  oxyds 
' than  any  other  acid ; it  precipitates  iron  from 
its  folution  in  the  form  of  a fine  dark  blue,  or 
black  powder,  which,  fufpended  in  water  by- 
means  of  gum,  makes  the  common  writing- 
ink. 

The  gallic  radical  is  not  known,  but  it  may 
be  changed  into  the  oxalic  acid  by  means  of 
‘ ^ . 'the 
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the  nitric,  and  is  fuppofed  to  confift  of  carbon 
and  livdroo'cn. 

*/  O 

The  decoction  of  galls,  befides  the  gallic 
acid,  contains  a fubftance,  Avhich,  from  its  pro- 
perties, is  named  tannin,  or  the  tanning  prin- 
ciple ; it  may  be  feparated  from  the  gallic 
acid,  and  being  poured  into  a folution  of  glue, 
precipitates  it,  and  converts  it  into  a magma, 
or  elaftic  fubftance.  On  this  depends  the  opera- 
tion of  tanning  leather.  Tannin  exifts  not 
only  in  the  bark  of  oak,  gall  nut,  and  fumach, 
but  in  the  bark  of  the  Avillow,  and  a variety  of 
■other  vegetables. 

If  amber  be  diftilled  in  clofe  veflcls,  there 
fublimes  from  it  a peculiar  acid,  called  the  fncci- 
nic  acid.  The  compounds  formed  by  this  acid 
with  difterent  fubftances  are  called  fuccinats. 

Borax  is  compofed  of  foda  and  a peculiar 
acid  called  the  horacic  acid : this  acid  may  be 
procured  from  borax  by  means  of  the  fulphuric,  - 
and  has  been  called  fcdative  fait.  The  combi- 
nations of  this  acid  with  difterent  fubftances 
are  called  borats,  but  are  little  known,  except- 
ing  the  horat  of  foda,  or  common  borax,  Avhicli 
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is  very  ufeful  in  fome  of  the  arts.  The  boracic 
radical  is  not  known. 

Fluor-fpar  is  compofed  of  lime,  or  calcareous 
earth,  combined  with  a peculiar  acid  called  the 
jluoric  acid.  This  acid  may  be  procured  from 
the  fpar  by  means  of  the  fulphuric.  The  fluoric 
acid  IhoLild  be  kept  in  leaden  velfels,  as  it  dif- 
folves  glafs  very  readily.  This  property  affords 
an  eafy  method  of  etching  on  glafs.  The  name 
of Jluat  is  given  to  the  combinations  formed  by 
this  acid  with  different  fubftances  ; Ave  are, 
however,  little  acquainted  with  any  of  thefe 
combinations,  excepting  of  lime. 

This  acid  may  bfe  obtained  in  the  form  of 
gas,  in  which  Rate  it  is  capable  of  decompoflng 
glafs,  and  retaining  the  fllex  in  a gafeous  Rate, 
but  which  is  inRaiitly  precipitated  on  coming 
in  contadt  with  water. 

If  dried  blood  be  mixed  with  potaRi,  and  ex- 
pofed  to  a red  heat  for  fome  time,  a peculiar 
acid  unites  with  the  potaRi,  called  the  prujjic 
acid',  and  the  combination,  which  was  formerly 
known  by  the  name  of  phlogifticated  alkali,  is 
cdXXed  prujjiat  of  pot ajh. 

• i The, 
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The  pruffic  acid  precipitates  tlie  metallic 
oxyds  from  their  combiDatioiis  with  other 
acids.  Iron  is  precipitated  by  this  acid  in  the 
form  of  a beautiful  blue  powder,  commonly 
called  pruffian  blue,  but  in  the  new  Nomen- 
clature, prujjiat  of  iron.  The  pruffiat  of  pot- 
adi  is  q,  very  delicate  tell  of  the  prefence  of 
iron. 

The  radical  of  the  pruffic  acid  is  fuppofed  to 
be  compofed  of  carbon  and  azote,  with  a fmall 
quantity  of  hydrogen, 

Tliere  are  feveral  other  acids,  but  they  only 
differ  from  thofe  Ave  have  confidered,  in  the 
proportion  of  the  component  parts  of  their 
radicals.  They  are  generally  convertible  one 
^nto  the  other,  and  their  properteis  may  be 
found  fully  detailed  in  Fourcroy,  Chaptal,  and 
Bouillon  La  Grange, 

Qn  the  acetous  acid,  fee  Higgins  “ on  j^cetous  Acid”—! 
and  Keir’s  Diftionary. — ^Alfo  Crell’s  Joarnal,  i.  222. 
Englifti  Tranflation. — On  the  cryllalHzation  of  the 
citric  acid,  fee  Scheele’s  Eilays.— Nicholfon’s  Jour-r 
nal,  ii.  p.  43.-r!rSupplement  to  the  Encyclopedia 
Britannica — Art.  Chemiftry,  Part  ii.  476.-00  the 
gallic  acid,  fee  Mem,  Acad.  Dijon. — Stodcholm 
Tranf.  1786.-— Annales  de  Chimie,  xvii.  8.  xxv. 
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225.  Dize’s  Journal,  Decemb.  1791.' — On  the  tan- 
ning  principle,  fee  Annales  de  Chimie,  xxv. — Nichol- 
fon  s Journal. — Journal  d’Ecole  Polytech.  Cahier, 
4me.  On  the  method  of  preparing  Prullian  blue,  fee 
Woodward,  Philof.  Tranf.  1724. — Macquer,  Mem. 
de  I’Acad.  1752. — Scheele.  Stockholm  Tranf.  1782. 
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Though  therg  feems  to  be  an  almoft  in. 
finite  variety  of  earthy  fubliance^  fcattered  on 
the  furface  of  this  globe ; yet,  when  this  fubjedt 
is  examined  with  a chemical  eye,  we  llial^find, 
not  without  furprize,  that  all  the  earths  and 
ftones  which  we  tread  under  our  feet,  and  which 
compofe  the  largeft  rocks  ; as  well  as  the  vaft 
variety  of  fpecimens  which  adorn  the  cabi- 
nets of  the  curious,  are  compofed  of  a very  few 
elementary  earths,  fcarcely  exceeding  five  in 
number. 

Of  thefe  five  elementary  earths,  two  are'  in 
fome  meafure  more  dry,  hard,  infipid,  and  in- 
foluble ; while  the  other  three  poffefs  faline 
properties,  which  render  them  akin  to  the  fub- 
ilances  denominated  alkalies.  Thefe  three, 
5 which 
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which  have  in  confcqucncc  been  termed  falino- 
earthy,  and  alkaline  earths,  are,  barytes^  mag- 
oiejia.,  and  lime.  The  other  two  are,  Jite.v  and 
{ilumin.  Some  other  earths  have  been  difeover- 
pd,  but  they  are  found  in  very  fmall  quantity  ; 
thefe  are  firontian,  zircon,  and  glucinc. 

All  the  earthy  and  ftony  fubftances  we  meet 
»-  */ 

with  are  compofed  of  fome  or  all  of  the  five 
earths  jufi  enumerated.  Their  general  cha- 
rader  is  drynefs,  indeftruftibility,  and  infu- 
fibility,  befides  which,  each  has  fpccific  cha- 
radters.  ♦ 

♦ 

Sile.v  is  rough  to  the  touch,  cuts  glafs,  and 
fcratches  or  Avears  away  metals ; its  Avcight  is 
about  2.5  that  of  an  equal  hulk  of  water.  It 
is  infufible,  incombuftible,  and  infolublc  in 
moft  acids  ; but  foluble  in  alkalies  with  the 
afhftance  of  heat,  forming  glafs.  It  is  found 
in  great  abundance  in  fand,  quartz,  flint,  agate., 
grit,  and  almoft  all  ftones  that  firike  fire  with 
Heel ; and  exifts  almoft  pure  in  rock  cryftal. 

Alumin^  or  argil is  foft  to  the  touch,  ad- 
heres to  the  tongue,  and  hardens  in  fire,  con- 
trafting  in  its  dimenfions,  and  Avhen  expofed  to 
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iin  extreme  lieat,  it  becomes  lb  liard  as  to  ftrike 
tire  MMth  Itcel. 

'When  mixed  with  water  and  filex  in  proper 
proportions,  it  forms  porcelain  ; it  conftitutes 
the  greateft  part  of  clays,  fchifls,  fteatites,  &c. 
and  forms  the  bafis  of  all  kinds  of  earthen- 
ware. 

With  the  fulphiiric  acid  it  forms  fitlphat  of 
ffhnnin,  a fait  much  nfed  in  different  arts,  under 
the  name  of  alum,  of  which  there  are  two 
different  kinds — he  common,'  and  roch  alum — 
which  do  not,  ho\rever,  differ  in  their  chemical 

I 

properties.  This  fait  has  a ftrong  flyptic  tafte, 
and  is  evidently  fuperfaturated  with  the  ful- 
phuric  -acid.  It  diffolves  in  fifteen  times  its 

I 

weight  of  cold  water.  The  combinations  of  this 
earth  with  the  other  mineral  acids  are  not 
interefling. 

Barptes,  or  heavy  earth,  is  exceedingly  white 
and  pure,  and  is  foluble  in  about  €|00  times  its 
weight  of  cold  water,  to  which  it  communicates 
a tafte  and  property  fimilar  to  lime-water.  Its 
'fpecific  gravity  is  to  that  of  water  as  four  to 
one.  It  is  precipitated  from  its  combinations 

with 
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with  the  different  acids  by  the  pruffiat  of  pot- 
alh,  like  metals  ; from  thefe  circumftanccs, 
fome  chemifts  have  fufpedled  it  to  be  a metallic 
oxyd,  but  they  have  never  yet  been  able  to 
procure  it  in  a metallic  or  deoxydated  form. 

The  moft  common  form  in  which  we  meet 
with  this  earth,  is  in  combination  with  the  ful- 
phuric  acid,  forming  fulphat  of  barytes,  or 
heavy  fpar,  the  fpecific  gravity  of  which  is,  to 
that  of  water,  as  4, 5 to  one.  It  ge'nerally  ac- 
companies metallic  veins.  This  fubftance  is 
nearly  infoluble  in  water. 

With  carbonic  acid  this  earth  forms  carbonat  of 
barytes,  which  does  not  appear  to  exift  in  great 
quantity  in  nature.  One  hundred  parts  of  car- 
bonat of  barytes  contain  twenty-eight  of  water, 
feven  of  carbonic  acid,  and  fixty-five  ot  ba- 
rytes. 

Barytes  forms  with  the  nitric  acid,  mtrat  of 
barytes,  a fait  which  has  never  been  found  na- 
tive, and  is  little  known. 

I'liis  earth  forms  with  the  muriatic  acid  the 
nniriat  of  barytes,  a fait  feldom,  if  ever,  found 

formed 
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formed  by  nature.  This  fait  is  one  of  the 
beft  tefts  of  the  prefence  of  the  fulphuric 
acid. 

Magnejia  is  never  found  naturally  pure,  but 
generally  combined  with  the  fulphurie  acid. 
To  procure  it  pure,  it  muft  be  precipitated  from 
this  combination  by  means  of  an  alkali. 

This  earth  is  very  white,  light,  and  fpun- 
g}" ; with  acids  it  forms  falts,  which  arc 
extremely  foluble  ; and  fince  it  has  a weaker 
affinity  for  acids  than  lime,  it  is  eafily  feparated 
from  them  by  that  fubftance. 

With  the  fulphuric  acid  it  forms  fulphat  of 
magnefa,  better  known  by  the  name  of  Epfom 
fait.  This  fait  is  found  in  great  plenty  in  the 
bitter  liquor  that  remains  after  the  cryftalliza- 
tion  of  common  fait,  made  from  fea- water;  and 
the  greateft  part  of  the  magnefia  in  life  is  pro- 
cured by  precipitating  the  earth  from  this  fait. 
One  hundred  parts  of  the  fulphat  of  magnefia 
contain  twenty-four  of  acid,  nineteen  of  earth, 
and  fifty-feven  of  water. 


The 
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The  nitrat  of  magnefia  is  extremely  deliquef- 
eent  This  fait  is  little  kiimvii; 

The  muriat  of  magnefia  is  likewife  very  cleli- 
qiiefcent,  and  remarkahly  hitter.  It  is  con- 
tained in  fca- water,  and  in  the  M'ater  of  fome 
filine  fprings. 

Carbonat  of  magnefia,  or  mild  magnefia,  is 
feldom  found  formed  by  nature,  blit  obtained 
by  precipitating  the  magnefia  from  the  fiilphatof 
magnefia  by  a carbonated  alkali.  One  hundred 
parts  of  this  fait  generally  contain  about  thirty 
of  carbonic  acid,  forty-eight  of  magnefia,  and 
twenty-tM’o  of  water.  The  carbonic  acid  may 
be  driven  oft'  by  a violent  heat,  and  the  earth 
which  remains  is  pure  or  calcined  magnefia. 

Magnefia  is  often  found  mixed  ivith  the  other 
earths,  and  gives  a peculiar  character  to  the 
mineral  lubftances,  of  which  it  forms  a part. 
Thefe  ftones  have  generally  a fmooth  and  unc- 
tuous feel,  a grecnilh  caft,  a fibrous  or  ftriated 
ftru6lure,  and  a filky  luftre.  Among  thefe  we 
may  mention  talc,  fieatite,  ferpentine,  albeftus, 
amianthus,  and  montaniim. 
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Lhne.  is  very  leldom  found  pure,  but  gene- 
rallv  combined,  and  chiefly  with  the  carbonic 
acid  ; it  may,  however,  be  procured  pure  by 
expelling  the  carbonic  acid  by  means  of  heat. 

It  is  fokible  in  680  times  its  weight  of  water, 
forming  lime  water,  which  has  an  alkaline  tafie, 
and  peculiar  properties.  Pure  lime  attradls 
water  with  great  avidity,  which  becomes  fixed 
or  folkl  ill  it,  and  giving  out  its  latent  heat, 
caufes  the  mafs  to  become  extremely  hot. 

The  combination  of  lime  with  the  carbonic 
acid  is  by  much  the  mofi;  common,  and  com- 
prehends all  thofe  fiones  or  rocks,  which  are 
known  by  the  names  of  marble,  chalk,  or  lime- 
ftone,  or  under  the  general  name  of  calcareous 
earth. 

The  charaflers  of  carhonats  of  lime,  are  the 
following; — FiiTt,  they  eftervefee  with  acids. 
Second,,  they  are  convertible  into  lime  by  cal- 
cination. There  are  many  reafons  to  believe, 
that  moft  of  the  calcareous  earth  which  we 
meet  with  on  the  furface  of  the  piobe,  in  the 
form  of  lime-ftone,  chalk,  marble,  k.o..  derives 
its  origin  from  the  deftriidtion  of  the  fliells  of 
marine  animals.  XJme,  mixed  with  fand,  and 
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tempered  with  water,  forms  moi'tar.  This  im- 
portant cement  has  been  much  improved  Ijy  the 
refearches  of  Dr.  Higgins. 

Lime,  combined  with  the  fulphuric  acid^ 
forms  fulphat  of  lime,  gypfum,  or  plafter  of 
, Paris.  One  hundred  parts  of  this  fait  contain 

thirty  of  fulphuric  acid,  thirty-two  of  lime, 
and  thirty-eight  of  ’U'^ater.  This  fait  is  generally 
formed  by  the  decompofition  of  pyrites,  which 
happens  to  be  incumbent  on  beds  of  calcareous 
earth.  It  is  foluble  in  about, one  hundred  times 
its  weight  of  cold  water.  It  is  ufed  for  making 
cafts,  and  ornaments  for  buildings. 

The  nitric  and  muriatic  acids  forai  with  lime 
deliquefcent  falts,  which  are  of  little  ufe. 

The  fluoric  acid  combines  with  lime,  and  forms 
final  of  lime,  or  Derbyfliire  fpar.  Lime  is  like- 
wife  found  combined  M’ith  the  phofphoric  acid, 
and  this  conftitutes  the  earthy  part  of  the  bones 
of  animals. 

Strontain  was  difcovered  in  the  ftate  of  a 
carbonat  in  the  lead-mine  of  Strontian,  in  Ar- 
gylefliire.  The  fulphat  of  fir ontian  has  been 
found  in  fmall  quantities  in  various  • places. 
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The  n'ltrat  of  Jlrontian  burns  with  a vivid  red 
flame. 

Zircon,  or  jargon,  is  found  in  a ftone  of  that 
name,  brought  from  the  ifland  of  Ceylon. 

Glucine  is  found  to  exift  in  the  emerald  of 
Peru-,  the  beryl  alfo  contains  fome  of  this 
earth. 

SerKirwan’s  Mincralogy.—Bergman’s  Efiays.— Higgins 
•n  Calcareous  Cements ; and  the  Properties  of  Earthy 
Bodies,  in  Elementary  Books  of  Chemiftry,  particu- 
larly Chaptal,  Fourcroy,  and  La  Grange;— -for  an 
account  of  drontian  fee  Edin.  Tranf.  iv.— cf  Glueine, 
fee  Antules  de  Chinue.  xxri; 
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Met  ALS  are  fiibftances  difVinguillied  by  their 
weight  arid  luftre : they  "are  fufible,  cryllalliza- 
ble^  aud  com b^iftible ; . they  decompofe- water, 
and  feveial  adds,- and  are  converted  into  me- 
tallic oxyds.  They  hav’-e,  by  cheinifts,  been 
generally  divided  into  three  claffes;  femimetals, 
imperfedt  metals,  and  perfedl  metals.  This  di- 
vihon,  as  is  properly  obferved  by  Fourcroy,  has 
evidently  derived  its  origin  from  the  erroneous 
ideas  of  alchemy,  tie  divides  metals  into  five 
genera:  in  the  firll  are  comprifed  brittle  and 
acidifiable  metals:  this  genus  contains  four 
fpecies;  arienic,  tungften,  molybdena,  and 
chrome : the  fecond  genus  contains  thofe 

which  are  brittle,  and  fimply  capable  of  oxyda- 
tion,  of  which  there  are  eight  fpecies ; cobalt, 
bifmuth,  nickel,  manganefe.  antimony,  tita- 
5 nito, 
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wite,  iiranite,  and  tellurite;  the  third  genus  in- 
cludes the  leini  dudlile  and  ox,ydable  metals,  ^ of 
\vl|icli  there  are  two ; zinc  and  mercury  ; the 
fqurtli  genus  contains  fuch  metals  as  are  per; 
fedlly  dudlile,  but  at  the  fame  time  eafily  oxy- 
dable;  fuch  as  tin,  lead,  iron,  and  copper j 
the  fifth,  and  lafi;  genus,  comprehends  thofe, 
that  ppffefs  perfe.61:  dudlility,  but  whi,ch  are  not 
oxydable  without  great  difficulty  : this  genus 
comprehends  threp  fpecies;  fily.er,  gold,  and 
platina. 

Though  there  are  various  circumftances  under 

j^yhich  metals  may  be  united  with  oxygen,  they 

« 

may  in  general  be  reduced  to  three : firft,  by  the 
contadl;  of  air,  affifled  by  caloric  : fecond,  by 
dpcompofing  water:  tinrd,  by  decompofmg 
acids. 

Different  metals  require  different  quantities 
of  o^y^e;i;i  to  convert  them  into  oxyds;  and 
each  metal,  feparately  confidered,  abforbs  dif- 
ferent proportions  of  oxygen,  and  flops  at  va- 
rious points  Orf  oxydation,  according  to  the  de- 
gree of  temperature  to  which  it  is  raifed. 

L 2 
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Metals  differ  in  their  attradlion  for  ox3"gen. 
Some  have  fo  weak  an  affinity  for  that  fubftance, 
that  if  their  oxyds  be  fimply  expofed  to  the  light, 
the  oxygen  feparates  from  them ; Rich  are  gold 
and  filver.  Others,  as  mercury,  require  for  its 
feparation  a confiderable  degree  of  caloric  and 
.‘light.  Others  have  fo  ftrong  an  attra6lion  for 
oxj’^gen,  that  it  cannot  be  feparated  from  them 
merely  by  the  ai5lion  of  caloric  and  light ; 
nothing  but  the  addition  of  a combuRible  fub* 
fiance  can  effedl  this  decompofition. 

Metals  cannot  be  diffolved  in  acids,  unle& 
they  be  previoufly  oxydated ; but  Avhen  the  acid 
is  diluted  with  water,  the  metal  dccompofes  the 
water,  becomes  oxj'dated,  and  is  then  diffolved 
by  the  acid.  As  an  exception  to  this,  however, 
it  may  be  obferved,  that  metals  can  be  diffolved 
in  the  nitric  acid  without  the  addition  of  water; 
for  they  decompofe  a part  of  the  acid,  attra6l 
its  oxygen,  and  are  then  diffolved  by  the  rer 
mainder. 

Few  of  the  metals,  except  gold  and  platina, 
are  found  pure ; but  generally  in  the  fonn  of 
oxyd^,  or  ores.  Thefe  metallic  ore«,  excepting 
1 thofc 
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thofe  of  iron  and  inanganefe,  are  never  found  in 
re«'ular  ftrata  like  the  earths;  but  in  cavities,  or 
rents,  which  run  among  the  earthy  ftrata  in  all 
directions.  The  great  derangements,  that  have 
happened  to  the  furface  of  the  earth,  have  caufed 
fiflures,  or  cracks,  in  th.e  rocks  and  various  ftrata 
that  compofe  it.  Many  of  thefe  are  now  be- 
come mineral  veins,  containing,  hefides  metals, 
a great  variety  of  beautiful  foflils. 

To  convert  metallic  ores  into  metals,  they 
are  firft  roafted,  to  drive  off  the  fulphur  and 
arfenic,  then  fufed  along  with  fubftances  capa- 
ble of  attracting  their  oxygen.  The  unmctallic 
parts  are  vitrified,  and  float  on  the  furface, 
while  the  metal  falls  to  the  bottom  of  the  fur- 
nace. 

We  fliall  now  confider  each  of  the  metallic 
fubftances  in  the  order  in  which  they  werq  enu- 
merated, 

Arftnic  is  a dark  coloured  metallic  fiibftance 
refeinbling  antimony,  but  its  oxyd  is  white.  This 
oxyd,  which  is  commonly  called  white  arfenic, 
is  foluble  in  about  eighty  times  its  weight  of 
cold  water,  or  fifteen  times  its  weight  of  boiling 

J.  3 water. 
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0.^yg;enatcd  muriatic  acid,  digelled 
upon  this  fubdance,  converts  it  into  arfenFc 
acid,  by  imparting'  its  fuperabundant  oxygen. 
The  oxyd  of  arfenic  is  uied  in  a variety  of  arts; 
fuch  as  glafs*making,  enamelling,  painting, 
dying,  and  in  various  allo3’s;  but  is  a moft 
deadh^  poifon.  The  heft  antidote  is  the  fulphuret 
of  potath,  which  decompofes  the  oxyd,  and 
renders  it  in  a great  meafure  harmlefs.  If  any 
fubftance,  containing  arfenic,  be  mixed  with 
oil,  or  poM^dered  charcoal,  and  thrown  upon  a 
red  hot  iron,  a fmell  like  that  of  garlick  will 
be  perceived.  Arfenic  unites  readily  by  fufion 
with  moft  other  metals,  and  renders  thofe  that  are 
duftile,  brittle  ; and  alfo  increafes  the  fufibility 
of  metals  of  difficult  fulion.  Its  union  with 
fulphur  forms  orpiment^  or  realgar^  according 
to  the  degree  of  heat  that  has  been  ufed. 

Timgjlai  is  of  a brownifh  or  black  colour,  ra- 
diated and  iliining;  it  is  granulated,  friable, 
and  almoft  infufible;  fcarcely  foluble  in  the 
acid’s,  but  converted  into  An  acid  by  the  action 
of  air  and  caloric.  It  may  likewife  be  con- 
verted into  an  gx}^!  by  ihi^ns  of  the  nitric 
acid. 
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Tiingften  in  the  laft  degree  of  oxygenation, 
according  to  Guyton,  has  a decided  advantage 
over  other  metallic  oxyds,  in  forming  lakes  of 
the  greatelt  value  to  painters,  which  powerfully 
relift  the  greateft  enemies  to  colours. 

See  Decade.  Philos.  1798, 

JSIolxjhdena  refembles  plumbago  in  appear- 
ance; but,  in  its  texture,  is  fcaly;  it  is  nearly 
infulible,  and  not  eafily  pulverizred.  By  heat  it 
is  converted  into  a white  oxyd.  The  nitric  acid 
attacks  it  with  elfervefcence;  and  converts  it 
into  an  ox37d,  endowed  with  acid  properties. 

See  Hatchet’s  Paper.  Philos.  Trans.  Vol.  LXXXVI. 

Chrome  is  a metallic  fubftance,  of  a whitidi- 
grey  colour,  lliining,  and  very  brittle.  It  was 
firft  obtained  by  Vauquelin,  from  Siberian  red 
lead.  It  may  be  converted  into  an  acid,  which 
cr^'ftallizes  in  long  prifms  of  a ruby  red  colour; 
it  forms  with  mercury  a compound  of  a cin- 
nabar red  colour;  with  fdver,  a carmine  red; 
with  lead,  an  orange  yellow;  Avith  iron,  or  tin, 
a green.  The  oxyd  of  chrome  is  of  a beautiful 
green.  Its  name  is  derived  from  its  colouring 

L 4 , properties. 
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properties.  The  combinations  of  the  chrbnnc 
acid  are  called  chromats. 

See  Journal  des  Mines,  Vol.  XXXIV.  p.  737. — Annales 
dc  Ciiimie,  Vol.  XXV.  and  XXX. 

Cobalt  is  of  a grey  or  Reel  colour,  clofc 
grained,  dilhcult  to  fufe,  and  not  eafily  oxy- 
dated.  It  is  generally,  however,  found  in  the 
Rate  of  an  oxyd,  mineralized  by  fulphur  and 
arfeiiic.  The  oxyd  of  cobalt,  when  fufed,  forms 
a beautiful  blue  glafs  called  fmalt,  which  is  ufed 
in  feveral  manufaftures. 

Cobalt  is  foluble  in  the  acids,  particularly  in 
the  Rate  of  an  oxyd,  but  does  not  fonn  any 
intercRing  combinations,  excepting  the  folution 
of  it  in  the  nitro-muriatic  acid,  which  forms  a 
curious  fympathetic  ink. 

JBlfmiith  is  corapofed  of  cubes,  formed  by  the 
application  of  plates  to  each  other;  it  has  a rediili 
tinge,  particularly  when  expofed  to  the  air;  it 
is  nearly  ten  times  heavier  than  water,  is  not  mal- 
leable, but  eafily  reduced  to  powder.  It  is 
foluble  in  the  acids,  from  which  it  is  precipitated 
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by  water  alone,  in  the  form  of  a A\'bite  oxyd, 
which  is'inuch  iifecl  as  a cofinetic. 

Nickel  has  a rediih  caft,  has  great  hardnefs ; is 
magnetic,  and  very  infufible.  It  is  foluble  in 
the  acids.  It  is  often  found  mineralized  by 
copper,  forming  cupfer-nickel ; it  has  not  yet 
been  applied  to  ufe.  When  pure,  it  is  magnetic. 

]\Ia)iga?2efe  is  of  a dull  white  colour  when  in 
its  metallic  Rate,  but  grows  black  when  expofcd 
to  the  air.  Its  attradlion  for  oxygen  is  fo  great, 
that  it  isi,  always  found  in  the  form  of  an  oxyd, 
which  is  black,  hard,  and  ponderous ; it  con- 
tains nearly  half  its  weight  of  oxygen,  which 
may  be  procured  from  it  in  the  form  of  gas 
merely  by  heat.  There  is  another  oxyd  of 
manganefe,  called  black  woad,  which  inflames 
fpontaneoufly  when  mixed  with  linfeed  oil. 

Antimony  is  of  a whitifli  filvery  colour,  and 
fcaly  texture;  it  melts  foon  after  ignition,  and 
fooii  oxydates.  It  detonates  with  nitre,  and 
forms  oxy-antimoniated  potafli.  It  is  generally 
found  mineralized  by  fulphur,  in  the  form  of 
fulphuret  of  antimony,  or  crude  antimony, 

which 
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which  is  convertible  by  lieat  into  a dark  coloured 
glafs,  commonly  called  crocus  metallorum. 

This  metal  is  often  ufed  in  medicine.  The 
preparations  at  prefent  nioft  ufed  are  antimonial 
wine,  and  antimoniiim  tartarifatum,,  or  emetic 
tartar.  James’s  fever  powder  is  likcwife  a pre- 
paration of  antimony. 

Titanite  was  firft  difcovered  to  be  a metallic 
fubftance  by  Klaproth ; it  having  been  confidered 
before  as  a red  fliorl.  It  diflblves  with  difficulty 
in  acids,  from  Avhich  it  is  precipitated  in  the 
Rate  of  an  oxyd  by  the  alkalies,  the  pruffic  and 
gallic  acids. 

See  Annales  de  Chimie.  XXVI.  and  Bouillon  La  Grange, 
Vol.  II. 

Uranite  was,  likew'ife,  difcovered  by  Klaproth 
in  179O;  it  is  of  a dark  Reel  or  iron  grey  colour. 
Soluble  in  the  nitric  acid  ; infufible  alone  by  the 
blow-pipe;  but  with  microcofmic  fait,  it  is 
converted  into  a green  glafs.  Its  oxyd  is  yel- 
low, and  eafily  foluble  in  acids,  from  which  it 
is  precipitated  by  the  gallic  acid  of  a chocolate 
brown  colour,  and  by  the  pruffic  acid  of  a 
brownhli  red. 
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Tellurite  is  one  of  the  inoft  volatile  and  fufible 
of  the  metals,  except  mercury ; its  colour  is  a 
dark  grey,  inclining  to  red,  and  it  has  a conli- 
derable  metallic  fplendour.  It  is  femi-du6lile 
and’femi-malleable.  It  is  foluble  in  the  fulphu- 
ric  and  nitro-muriatic  acids,  and  readily  unites 
•with  mercury  and  fulphur.  This  metal  was  alfo 
difeovered  by  Klaproth,  in  a gold  ore  in  Tran- 
fylvania. 

On  metals,  fee  Kirwan’s  Mineralogy. — Gren’s  Principles 
of  Modern  Chemiftry. — Klaproth’s  Chemiftry  and 
Mineralogy. — Chaptal. — Fourcroy. 
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ZiN  C is  a uietal  of  a bluellh  caft,  brighter 
than  lead,  and  fo  far  malleable  as  not  to  be 
broken  by  a hammer,  though  it  cannot  be  much 
extended.  It  melts  long  before  ignition,  and 
Avhen  heated  a little  above  its  melting  point, 
particularly  if  agitated.  It  burns  with  a daz- 
zling white  flame,  and  oxydates  with  great 
rapidity.  The  oxyd  thus  formed  is  volatile, 
and  eondenfes  into  a flocculent  mafs,  which 
has  been  called  flowers  of  zinc,  or  philofophical 
wool. 

This  metal  is  very  volatile ; it  is  generally 
found  mineralized  by  fulphur  in  the  ore  called 
blend:  there  is  likewife  another  ore  of  zinc, 
called  calamine.  It  is  generally  found  mixed 
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with  more  or  lefs  lead ; and,  fometimes,  in  fucli 
quantity  in  the  Eaft  Indies,  that  it  is  fufcd  in 
that  ftate,  and  forms  the  metallic  compound 
known  by  the  name  of  toutenag.  Diluted  ful- 
phuric  acid  diffolves  zinc  rapidly,  and  a great 
quantity  of  very  pure  hydrogen  gas  is  driven 
otf,  which  arifes  from  the  decompofition  of  the 
water.  The  fidphat  of  zinc  may  be  procured  in 
white  cryftals.  The  muriatic,  and  nitric  acids 
dhfolve  zinc,  but  the  compounds  formed  by 
them  Muth  this  metal  are  verv  little  known. 

Zinc,  precipitated  from  its  fohition  in  theful- 
pliuric  acid,  in  the  ftate  of  an  oxyd,  forms  a 
pigment  in  every  refpe6t  fuperior  to  white  lead. 

Mtrcury  differs  from  the  other  metals  in  pre- 
fervdng  its  fluidity  in  the  common  temperature 
of  the  atmofphere,  but  if  cooled  down  to  39® 
below  0,  it  becomes  foHd,  hard,  and  malleable. 
This  metal  is  fourteen  times  heavier  than  water ; 
it  evaporates  in  low  degrees  of  heat,  and  boils 
at  about  dOO®. 

When  expofed  to  the  air,  and  heated  fbme- 
what  ftiort  of  its  boiling  point,  its  furface  be- 
comes flowly  oxydated,  forming  the  red  oxyd  of 
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mercury ; from  M^hich  the  oxygen  may  be  ex- 
pelled, ill  a very  pure  Rate,  by  expofing  it  to  a 
red  heat. 

The  fulphuric  acid,  wlien  hot,  is  decompofed 
by  mercury,  while  the  metal  is  converted  into 
a yellow  oxyd,  which  was  formerly  called  turhith 
mineral. 

Mercury  dilfolves  very  readily  in  the  nitric 
acid,  oxydating  itfelf  by  decompofing  part  of 
the  acid,  and  the  oxvd  is  dilfolved  in  the  re- 
mainder. 

The  muriatic  acid  unites  with  the  mercury 
dilfolved  in  the  nitric  acid  ; and  if  the  oxy- 
genated muriatic  acid  be  employed,  corroRve 
fiibliinate  is  formed,  or  the  oxygenated  7nuriat 
of  mercury ; but  if  the  common  muriatic  acid 
be  ufed,  then  the  fubftance  formed  is  muriat  of 
mercury,  or  calomel. 

Corrofive  fublimate  is  foluble  in  nine  times  its 
weight  of  water,  from  which  it  may  be  ]nec.ipi- 
tated  by  barytes,  magnefia,  or  lime. 
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Mercury  combines  with  fulphur  by  tritura- 
tion, forming  a black  powder,  which  has  been 
called  Eihiops  mineral.  A more  intimate  com- 
bination is  formed  by  heat,' which  is  called  cin- 
nabar; which  fubftance,  powdered,  forms  Ver- 
million. 

]\Ier’Cnry  is  ufually  found  mineralized  by  ful- 
phur, in  the  form  of  cinnabar ; very  feldom  pure. 
It  readily  combines  with  moft  metals,  forming 
.what  is  called  an  amalgam.  Looking-glalTes  are 
covered  on  the  back  with  an  amalgam  of  mercury 
and  tin. 

]\Ir.  Howard  has  lately  difeovered  a ful- 
minating mercury,  which  explodes  with  a flight 
degree  of  heat, ' or  even  friftion,  and  the  effefts 
of  which  are  ver^’’  violent.  It  is  made  by  boil- 
ing 100  grains  of  mercury  in  an  ounce  and  a 
half,  by  meafure,  of  nitrous  acid,  whofe  fpecific 
gravity  is  about  1,4.  This  folution  muft  be 
poured  upon  two  ounces,  by  meafure,  of  al- 
kohod,  the  fpecific  gravity  of  which  is  about 
,849.  The  precipitate,'  which  is  to  be  imme- 
-diately  waflied,  is  the  fulminating  mercury. 

Phil.  Tranf.  i8oo. 
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Mercury  is  uferl  in  various  arts,  fuch  as  gild- 
ing, painting,  filvcring  mirrors,  making  of  phi- 
lofophical  inftruments,  working  gold  and  filver 
ores,  and  in  medicine. 


Tin  is  a metal  of  a flight  yellow  caft,  harder 
than  lead,  but  very  malleable,  and  capable  of 
being  extended  into  thin  plates  called  tin-foil. 
It  is  the  lighteft  known  metal,  extremely  fufible, 
and,  when  melted,  it  oxydates  very  rapidly, 
'riie  oxyd  of  tin  is  very  infufible,  and  is  ufed  to 
make  white  opaque  enamels.  Thin  flieets  of 
w on,  coated  with  tin,  are  ufed  to  make  a variety 
of  Litenfils. 


Tin  readily  unites  with  diiferent  metals;  and 

an  amalgam,  compofed  of  two  parts  of  mercury, 

one  of  zinc,  and  one  of  tin,  renders  the  a6lion 

of  electrical  machines  very  powerful. 

* 

Concentrated  fulphuric  acid,  affifted  by  heat, 
diflblv^es  tin ; but  part  of  the  acid  is  decompofed. 

If  the  acid  be  diluted  with  water,  the  oxyd  of 
tin  is  precipitated.  Nitric  acid  attacks  tin  vio- 
lently; part  of  it  is  decompofed,  and  oxydates  , 

the 
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the  tin ; and  the  remainder  diflblves  the  oxyd 
as  it  is  formed. 

Tlie  muriatic  acid  alfo  dilTolves  tin  ; but  the 
nitro- muriatic  acid  diflblves  it  much  more 
readily,  forming  a gelatinous  kind  of  liquor, 
the  nitro-muriat  of  tin,  which  is  ufed  by  dyers^ 
to  brighten  the  colour  of  fome  red  tin6lures. 
Tin  detonates  with  nitre ; and  if  tin-foil  be  wetted 
with  a folution  of  nitrat  of  copper,  heat  and 
flame  will  be  produced. 

I 

Tin  is  the  principal  ingredient  in  the  com- 
pofition  of  pewter;  the  other  ingredients  are 
lead,  zinc,  bifmuth,  and  copper.  Tin  is  alfo 
ufed  for  coating  copper  veflels ; and  is  employed 
in  the  compofltion  for  printers’  types.  Tin  is 
ufed  as  tin-foil  in  electrical  apparatus,  in  tinning 
iron  and  copper,  and  filvering  mirrors.  The 
oxyd  of  tin  is  ufed  in  polilhing  glafs,  and  making 
white  enamel.  It  is  fometimes  found  native, 
but  generally  mineralized  by  fulphur.  and 
arfenic.  - 

Lead  has  no  great  tenacity,  but  very  con- 
fiderable  fpecific  gravity;  it  melts  long  before 
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ignition,  and  begins  to  oxydate.  In  its  firft; 
degree  of  oxydation  it  is  yellow,  and  has  been 
called  niafficot:  by  imbibing  more  oxygen,  it 
becomes  red,  and  is  then  called  minium,  or  red 
lead ; more  properly,  the  red  oxyd  of  lead.  If 
a great  heat  be  quickly  applied,  this  oxyd  is 
converted  into  litharge,  and  by  a ftill  greater 
heat  into  glafs.; 

Lead  unites  with  moft  metals,  but  not  with 
iron.  Two  parts  of  lead,  and  one  of  tin,  form 
foft  folder,  which  melts  with  lefs  heat  than  either 
of  the  metals ; but  a compofition  of  bifinuth, 
lead,  and  tin,  in  proper  proportions,  makes  a 
compound  fo  fufible,  that  it  melts  in  boiling 
water. 

Sulphuric  acid  will  not  a6l  upon  lead  unlefs 
boiling;  it  is  then  decompofed,  and  oxydate» 
the  metal.  Nitric  acid  readily  converts  it  into 
an  oxyd,  which  is  diffolved  by  the  diluted  nitric 
acid,  forming  nitrat  of  lead. 

The  affinity  of  the  muriatic  acid  for  lead  is  fo 
flrong,  that  this  metal  decompofes  all  the  mu- 
riats;  and  on  this  principle,  fome  manufaftures 
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for  the  reparation  of  foda  from  common  fait 
have  been  eftablilhed.  The  miiriat  of  had  formed 
in  this  operation  is  of  a beautiful  yellow  colour, 
and  ufed  as  a pigment.  The  acetous  acid  oxy- 
dates  lead,  and  forms  white  lead.  All  the  oxyds 
of  lead  are  foluble  in  the  acetous  acid,  and  the 
folution  evaporated  forms  acetite,  ov  fugar  of 
lead.  If  the  acetite  of  lead  be  diffolved  in  water, 
and  the  lead  precipitated  by  zinc,  it  affumes  a 
beautiful  ramified  appearance. 

Lead  is  fometimes  improperly  ufed  to  fweeten 
fome  wines,  but  may  be  deteded  by  Hahne- 
mann’s teft. 

The  ufes  of  lead  are  very  numerous.  Perfons 
who  work  much  among  lead  are  fubje6l  to  a 
complaint  called  coUca  pidtonum,  which  may  be 
remedied  by  fulphuret  of  pot-afli.  Lead  is  fel- 
dom  found  native,  but  generally  mineralized 
by  fulphur  and  arfenic.  It  is  fometimes,  though 
feldom,  found  combined  with  phofphoric  acid. 

Ii'on  is  the  hardeft  and  inoft  elaftic  of  all  the 
metals;  and,  excepting  platina,  - the  moft  diffi- 
cult to  be  fufed.  Next  to  gold,  it  has  the 
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greatcft  tenacity  of  parts.  It  is  about  feveii 
times  heavier  than  water.  This  metal  is  more 
ufe^ul  than  any  other;  it  has  a very  ftrong  at- 
traction for  oxygen,  Nvhich  converts  its  furface 
into  an  oxyd,  or  ruft.  Iron  has  the  peculiar 
property  of  welding  in  a white  heat. 


If  iron  be  placed  in  contact  with  red  liot' 
charcoal,  it  becomes  much  more  hard  'and 
elaftic,  and  is  called  Jitcl. 

"Sulphuric  acid  diluted  diffolves  iron;  and 
during  the  folution,  a great  quantity  of  hydro- 
gen gas  flies  off.  The  fulphat  of  iron  thus 
formed  is  of  a green  colour;  but  is  never  made 
for  life  by  art,  being  extrafted  from  pyrites,  or 
liilphuret  of  iron. 

' Nitric  acid  a6ls  very  eagerly  on  iron,  and  is 
decompofed;  the  iron  is  thrown  down  in  the 
form  of  a red  oxyd. 

The  muriatic  acid  diffolves  iron,  and  forms  a 
faltj.^whicli  may  be  procured  in  cryftals.  . 
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Iron  is  very  feklom  found  pure  in  nature,  but 
generally  combined  -with  fome  other  fubftance; 
moft  commonly  with  oxygen.  It  is  often  com- 
binetl  with  fulphur,  forming  pyrites,  the  figure 
of  Avhich  is  fometimes  very  beautiful.  It  is” 
fometimes  combined  with  carbon,  and  then  is 
called  plumbago,  or  black  lead. 

Iron  is  never  found  in  veins,  like  the  otlier 
metals,  but  ftratified  like  the  earths.  It  is  the 
moft  generally  diffufed  metal  in  nature,  almdft 
every  mineral  fubftance  deriving  a colour  from 
it,  from  blue  to  the  deepeft  red.  Both  animal 
and'vegetable  fubftances  contain  it;  and  there 
are  ftrong  reafolis  for  fiifpe6ling  that  much  of 
the  iron  on  this  globe  has  been  of  animal  or 
vegetable  origin. 

On  iron,  fee  Mufliet’s  Experiments  in  fevefal  numbefs 
of  the  Philofophlcal  Magazine. — Collier’s  Paper  on 
the  Manufafture  of  Steel,  Manchefter  Memoirs. — 
Kirwan’s  Mineralogy. — Dr.  Beddoes’s  Paper,  I’hil. 
Tranf.  1791. — Vauquelin’s  Experiments,  Journal  de 
Mines,  and  Nicholfon’s  Journal,  Vol.  I.  p.  200. — 
Sir  T.  Frankland’s  Paper,  Phil.  Tranf.  1795. — Gren’s 
Principles  of  Modern  Chemiftry,  Vol.  II. 
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Copper  is  of  a dull  red  colour,  and  a fine 
granulated  texture  when  broken;  it  polTefles 
confiderabie  du6libility,  and  may  be  drawn  into 
fine  wire,  or  beaten  into  thin  leaves : it  is  rather 
more  than  eight  times  heavier  than  water. 

Almoft  all  the  acids  difiblve  this  metal ; but 
what  is  remarkable,  they  difiblve  more  of  it  by 
ftdiiding  in  the  cold,  than  by  boiling. 

Sulphuric  acid,  when  concentrated  and  hot, 
diflblves  copper,  forming  fulphat  of  copper,  or 
blue  vitriol,  which  may  be  procured  in  beautiful 
blue  cryftals.  One  hundred  parts  of  this  fait  con- 
tain thirty  of  acid,  forty -three  of  water,  and 
twen'y-feven  of  copper. 
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The  nitric  acid  attacks  copper  very  rapidly,, 
and  is  decompofed.  The  mtrat  of  copper  is  a 
green  ddiquefcent  fait,  which  has  tlie  curious 
property  of  exploding,  when  moiftened  and  rolled 
up  in  tin-foil,  as  has  been  before  noticed.  The 
muriatic  acid,  wdien  concentrated,  dilTolves  cop- 
pe’’ ; but  the  miiriat  of  copper  is  very  little 
known. 


Tire  vegetable  acids  dilTolve  copper  very  eafily, 
on  which  account  the  ufe  of  this  metal,  for  cu- 
linary purpofes,  is  very  improper.  The  folutioii 
of  copper  in  the  acetous  acid  forms  acetite  of 
copp^j  which  may  be  procured  in  cryftals  of  a 
beautiful  green  colour.  When  copper  is  not 
compeltely  faturated,  but  only  oxydated  by 
acetic  agid,  it  forms  the  fubftance  called  verdi^ 
gris,  which  is  an  imperfed  oxyd  of  copper,  com- 
bined with  a fmall  portion  of  acetic  acid,  car-^ 
honic  acid,  and  water. 

Copper  is  precipitated  frona  its  folutions  in  a 
metallic  form  by  a clean  plate  of  iron.  The 
copper  thus  obtained  has  been  called  copper  of 
cementation. 
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Copper  readily  unites  with  melted  tin,  at  a 
temperature  much  lower  than  what  is  necetfary 
to  melt  the  copper;  by  which  means  copper 
veflels  are  eafily  covered  with  a coating  of  tin. 
All  the  falts  of  copper  are  poifonous. 

A mixture  of  copper  and  tin  forms  bronze; 
two  parts  of  copper  and  one  of  zinc  form  brafs; 
and,  with  different  proportions,  prince’s  metal. 
Copper  is  fometimes  found  native,  but  generally 
combined  with  fulphur  and  oxygen,  in  ores  of  a 
red,  green,  or  blue  colour, 

is  white,  verydudlile,  and  about  eleven 
times  heayier  than  water.  If  filver,  finely  di- 
vided, be  immerfed  in  concentrated  and  boiling 
fulphuric  acid,  the  acid  is  decompofed,  and  a 
large  quantity  of  fulphurous  gas  flies  off ; and 
the  fdver  is  reduced  to  a white  oxyd. 

The  nitric  acid  diflblves  fdver  very  rapidly ; 
and,  when  fully  faturated,  this  folution  depofits 
cryftals  of  nitrat  of  fdver.  The  nitrat  of  fdver 
is  an  excellent  tell  for  difeovering  the  prefence 
of  the  muriatic  acid. 
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Nitrat  of  filver,  melted  in  a gentle  heat,  and 
poured  into  moulds  as  foon  as  fufed,  forms 
lunar  caujlic.  The  filver  may  be  precipitated 
from  its  fohition  by  mercury;  and  appears,  in 
its  metallic  form,  in  beautiful  cryftals,  which  be- 
ing articulated  with  each  other,  have  the  form 
of  a vegetation. 


A fulminating  property  may  be  imparted  to 
the  oxyd  of  filver,  precipitated  from  this  folu- 
tion,  which  is  much  more  extraordinary  and 
terrible  than  any  other  fubftance  v'ith  which  we 
are  acquainted.  The  filver  is  precipitated  from 
the  folution  by  lime-water,  and  afterwards  waflied 
with  ammoniac. 

Gold  is  the  moll  perfect  and  indeftru6lible  of 
metals;  it  appears  yellow  by  reflefted  light,  but 
green  by  tranfmitted  light.  It  is  fo  tenacious, 
and  at  the  fame  time  ductile,  that  a grain  of  it 
may  be  beaten  out  fo  as  to  cover  fifty-fix  fquare 
inches;  but  when  it  is  ufed  to  cover  filver-wirc, 
it  is  fpread  over  a furface  12  times  as  great. 
Pure  gold  is  nineteen  times  heavier  than  water; 
it  melts  in  a low  degree  of  white  heat ; it  readily 
unites  with  the  other  metals,  and  particularly 

with 
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with  mercury;  and  on  this  depends  the  practice 
of  gilding  metals. 

Neither  the  fulphuric,  muriatic,  o-r  nitric 
acids,  have  any  effect  on  gold;  but  the  nitro- 
muriatic  acid  cUffolves  it  veiy  eafily;  and  if  it 
l>e  precipitated  from  the  folution  by  means  of 
ammoniac,  the  precipitate  explodes,  when  heat- 
ed, v/ith  very  great  violence. 

Gold  is  generally  found  pure,  mixed  w’ith 
earth,  or  diffufed  in  fine  grains  through  ftoncs. 

Platina  is  generally  found  in  the  gold-mines 
in  fmall  particles,  and  is  the  heavieft  body 
with  which  we  are  acquainted,  being  at  leaft 
twenty -two  times  heavier  than  water.  It  is 
harder  than  gold  or  lilver,  and  has  the  property 
of  welclino;  with  iron. 

O 

This  metal  is  infoluble  in  any  of  the  acids,  ex- 
cepting the  nitro-miiriatic  and  oxygenated  mu- 
riatic acids;  it  unites  with  the  other  metals,  and 
with  copper  forms  a compound,  fiifceptlblc  of  a 
f.ne  polifl),  and  not  liable  to  tami/h. 


From 
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From  the  earlieft  ages  of  chemiftry,  it  has 
been  thought  poffible  to  convert  metals  into 
each  other ; and  this  tranfmutation,  though 
Jiitheito  undifeovered  by  the  alchymifts,  does 
not  appear  abfolutely  impoffible : modern  che- 
miftry,  having  fliown  the  analogy  between  me- 
tallic oxyds  and  acids,  may  perhaps,  in  time, 
lead  to  the  power  of  tranfmuting  their  bafes. 

The  great  derangements  which  have  hap- 
pened to  the  furfaee  of  the  earth,  could  not 
but  caufe  great  fiffures  and  cracks  in  the  various 
rocks  that  compofe  it.  Many  of  thefe  are  now 
become  mineral  veins,  and  are  fubje6ts  of  very 
curious  geological  fpeculation.  Thefe  veins  are 
magazines,  not  only  of  the  inoft  beautiful,  but 
the  greateft  variety  of  foflils. 

On  their  formation,  as  empty  clefts  and 
fiffures,  and  on  the  manner  of  their  being  filled, 
geologifts  differ  in  opinion.  Some  have  fup- 
pofed,  that  veins  are  co-exiftent  with  their 
rocks;  others,  that  they  are  but  branches  of  a 
great  central  mafs  of  metallic  fubllance,  which 
exifts  deep  within  the  bowels  of  the  earth,  and 
part  of  which  has  been  forced  into  the  clefts  by 
volcanic  fires,  or  other  means.  Others  have  fup- 

pofed, 
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pofed,  that  veins  are  but  the  tocks  themfeivcs 
changed,  by  powers  reiiding  in  this  part  of 
nature.  Some  have  imaarined,  that  they  have 
been  formed  by  the  infiltration  or  flowing  of 
water  from  above;  others,,  that  water,  impi-eg- 
nated  with  different  acids,*  has  diffolved  and 
extrafted  this  matter  from  the  rock  itfelf,  and 
then  depofited  it  in  the  vein. 

The  celebrated  Werner  gives  it  as  his  opinion, 
that  veins  have  been  filled  from  above ; not  from 
any  metallic  or  lapideous  folution  flowing  down 
the  fides  of  tlie  vein,  but  by  the  clefts  being 
filled,  at  different  times,  with  the  different  fo- 
lutions  which  contained  the  various  metallic  and 
lapideous  matter  we  now  find  in  them.  Thefe 
folutions  he  fuppofes  to  have  covered,  at  diffe- 
rent times,  the  diftrifts  where  the  veins  are 
found,  in  the  fame  manner  as  folutions,  or  mix- 
tures, from  whence  the  different  beds  of  flrata 
have  been  produced.  Thus  veins  and  ftmta 
have,  according  to  him,  been  formed  in  the 
fame  manner,  and  tlie  former  differ  from  the 
latter  onlv  by  their  fituation;  and  in  the  fame 
manner  as  we  attribute  any  number  of  common 
ftrata  to  as  many  fucccffive  precipitations  and 
dccompofitions,  naturally  believing  the  lowefl 
1 to 
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to  be  the  fiiTt  in  priority  of  formation,  fo  he 
attributes  the  different  contents  of  a vein  to 
different  precipitations  ; confidering  that  kind 
of  ore,  or  lapideous  matter,  which  is  next  to 
the  rock,  as  the  oldeft,  and  firft  formed.  ' 

On  the  formation  of  veins,  fee  Klrwan’s  Geology. — 
Werner’s  Neue  Theorie  von  der  Entsftenhung  dec 
Gange.  — Williams’s  Mineral  Kingdom. — Hutton’s 
and  Whitehurft’s  Theory  of  the  Earth. — Darwin’s 
Botanic  Garden, — And  Townfon’s  Philofophy  of 
Mineralogy. 
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Til  E chemical  fubftances  which  have  been 
hitherto  examined,  have  no  life,  or  peculiar 
organization,  excepting  what  refults  from  the 
attradlion  of  tlieir  particles.  We  now  proceed 
to  the  chemical  confideration  of  thofe  fub- 
hances,  which  poflefs  fuch  an  organization  and 
irritability,  as  enable  them  to  fulfil  the  two 
great  ends  defUned  by  N ature : the  continuation 
of  their  own  exigence,  and  the  reprodu6lion  of 
their  fpecies. 

Though  it  may,  at  firft  fight,  appear  very  eafy 
to  diftinguilh  the  three  kingdoms  of  nature  from, 
each  other;  yet  there. is  fuch  a gradation,  fuch 
an  imperceptible  tranfition  of  one  kingdom  into 
another,  that  it  ii' difficult  to  give  a charaderiftic 
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'definition  of  one  wliich  embraces  all  the  indi- 
viduals of  it,  and  at  the  fame  time  excludes  all 
tfiofe  of  the  other  kingdoms.  Indeed,  on  in- 
quiiy,  we  diall  find,  that  there  is  no  natural 
diftin6lion  of  this  kind ; and  that  there  is  not  a 
function,  common  to  vegetables  and  minerals, 
which  fome  of  the  animal  tribe  do  not  enjoy, 
and  vice  verfa. 

The  fubftances  conftituting  the  texture  of 
vegetables  differ  from  mineral  bodies,  in  being 
of  a more  complex  order  of  compofition  ; and 
though  vegetables  are  extremely  fufceptible  of 
decompofition  by  analyfis,  not  oije  can  be  fyn- 
thetically  produced. 

Though  the  analyfis  of  vegetables  fiiew^  that 
they  are  compofed  of  four  or  five  fubftances,  viz. 
caloric,  light,  water,  air,  and  carbon  ; yet  no- 
thing but  the  texture  and  organs  of  jiving  ve- 
getables can,  from  thefe  fubftance?,  form  the 
matters  from  which  they  are  extracted. 

Though  vegetable  bodies  are  compofed  of 
tliefe  few  fimple  principles,  yet  we  find  a great 
variety  of  fubftances  produced  by  their  com- 
bination ; 
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binalion  ; thefe  may  be  reduced  to  a certain 
number  of  principal  heads,  which,  with  Four- 
croy,  Ave  iliall  call  the  immediate  materials  of 
plants,  becaule  they  are  obtained  from  them  by 
fimple  procetfes,  almoft  wholly  mechanical;  and 
by  a kind  of  airedt  analyfis,  which  does  not 
alter  the  nature  of  the  products. 

Among  thefe  immediate  materials  of  vege- 
table bodies,  are  the  following  fubftances,  either 
fluid  or  folid.  Extractive  matter ; mucus,  or 
mucilage;  fugar;  efllential  falts;  fixed  oil;  vo- 
latile oil;  aroma;  camphor,  refin;  balfain;  gum- 
refill;  fecula;  gluten;  colouring  matter ; elaf- 
tip  gum;  and  woody  fibre.  Of  thefe  imme- 
diate materials,  which  are  formed  of  fome  or  all 
of  the  fimple  fubftances  before  mentioned,  all 
known  vegetables  are  compofed.  The  properties 
of  each  of  thefe  materials  are  particularly  pointed 
out  in  the  ledture. 

Since  thefe  immediate  materials  are  all  com- 
pofed of,  and  capable  of  being  feparated  by 
analyfis  chiefly  into  carbonic  and  water;  it 
may  be  proper  to  inquire  how  vegetables  pTDcure 
the  principles  which  form  thefe  materials.  v 
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Water  is  evidently  the  fouree  wlienee  vegeta- 
])les  derive  the  hydrogen ; tliis  fluid  is  deeom- 
pofed  in  their  glands,  affifled  by  folar  light,  and 
becomes  fixed  in  them  in  the  ftate  of  oil,  ex- 
tract, mucilage.  See.  Tlie  greateft  part  of  the 
vegetable,  however,  confifts  of  carbon,  which 
they  procure  from  the  decompofition  of  the  car- 
bonic acid  floating  jii  the  atmofphere,  or  dif- 
folved  in  the  water,  which  is  abforbed  by  them; 
when  thefe  vegetables  decay,  their  mould  af- 
fords carbon  to  future  vegetables,  which  nou- 
rillies  them  luxuriantly.  This  mould,  or  car- 
bon, is,  however,  gradually  exhaufled  by  vege- 
tation, wheii  the  crop  is  carried  off;  and  then 
the  farmer  is  obliged  to  fupply  frefli  quantities 
of  carbon,  which  is  generally  done  in  the  form 
of  dung ; the  rain-water  which  falls  on  the 
jrround  thus  manured,  becomes  faturated  with 
carbon,  and  then  contains  all  the  principles  of 
vegetation. 

/ 

SeeFourcroy,  Chaptal,  and  La  Grange;  alfo  Phyfiologie 
Vegetale  par  Senebier. — Watfon’s  Cbemical  EfTays, 
Vol.  V. — and  Uflar  on  Plants. 
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i^NlMAL  fubftances  differ  from  vegetable, 
principally  in  the  following  circumftances ; 
Firft,  they  afford  a confiderable  portion  of  am-- 
moniac,  and  very  foetid  products,  by  the  a6lion 
of  fire  : fecond,  they  putrify  more  eafily  and 
fpeedily,  giving  out  a much  worfe  fmell’;  third, 
they  yield,  when  a6led  on  by  the  nitric  acid, 
a much  greater  quantity  of  azotic  gas  ; and, 
laftly,  they  contribute  fingularly  to  the  forma- 
tion of  nitric  acid. 


« 

Thefe  differences  feem  to  depend  on  animal 
bodies  being  poffeffed  of  one  fubftance  in  much 
greater  abundance  than  vegetables,  viz.  azote. 
Befides  thefe  circumftances,  in  which  animal 
fubftances  differ  from  vegetable,  the  former 
generally  contain  a quantity  of  phofphoric  and 
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calcareous  earth.  Azote,  which  is  fo  abundant 
in  animal  fub'ftances,  is  undoubtedly  the  caufe 
of  their  concrefcibility  and  plafticity.  If  we 
Hiould  deprive  animal  fubftances  of  their  azote, 
they  would  he  converted  into  fubftances  refem- 
bling  vegetables  ; and  if  we  could  introduce 
azote  into  vegetable  fubftances,  we  Ihould  ani- 
malize,  them. 

All  matters  which  form  the  bodies  of  animals, 
and  which  may  be  extradled  from  them  without 
altering  their  nature,  may  be  confidered  as  fo 
many  immediate  principles ; as  was  done  with 
refpedl  to  vegetables. 

The  principal  animal  fluids  are,  Firft,  the 
blood,  which  confifts  of  three  immediate  mate- 
rials, or  principles  ; the  fernm,  the  craffamen- 
tum,  or  coagulable  part,  and  the  colouring 
part,  or  red  globules,  as  they  are  called. 
Second,  milk,  which  is  the  leaft  animalized  of 
all  the  fluids,  and  confifts  likewife  of  three  im- 
mediate materials;  ferum,  or  whey,  butter,  and 
cheefe.  Third,  the  bile,  which  is  a faponace- 
ous  fluid,  confifting  chiefly  of  an  animal  oil, 
combined  with  foda.  Fat  is  nothing  but  ani- 
mal oil  in  a coagulated  ftate. 

N 2 
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Tlie  fubftaaces  which  compofe  the  folk!  parts 
of. animals  may,  likewife.be  clivicled  into  three 
immediate  materials,  or  principal  genera  : Firfl:, 
Albumen..  . Second,  Gelatin.'  Third,  Fibrin, 
or  Fibrous  matter.  Thefe  three  fubftances,  in 
a ftate.of  concretion  and  combination,  form  the 
folids  of  animals,  and  are  feparable  from  each 
other  by  an  eafy  analyfis.  Thefe  different  im- 
mediate principles  are  particularly  examined  in 
the  le^Lire.  . ;■  '\ 

. i.  -i/!  ■ ' 


clBy  whatever  means  we  deprive  animal  fub- 
ffances  of  their  azote,  we  reduce  them  to  fub- 
ftances refembling  vegetables ; the  mufcular 
fibre  excluded  from  the  conta6l  of  the  air,  but 
particularly  if  in  conta6l  with  water,  parts  with 
its  azote,  and  is  converted  into  a fubftance  re- 
feinbling*  fperrnaceti,  which,  in  its  analyfis, 
agrees  with  the  common ‘fxpreffed  oils  of  vege- 
tables. 'df  ; 

,*.*.1  .*.4 
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When  vegetahles-  and  animals  are  depiived  of 
life,  movements  are  excited  in  them  which -'  de- 
ftroy  their  texture,  and  alter  their  compofition. 
Thefe  movements  Gonftitnte  th^  differerit  kinds 
of  fermentat-ionox:  ‘ x xin  - u-dmo:' 
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j When  the  facchainne  principle  is  predominant 
in  vegetables,  • the  product  oF  fermentation  is  ;a 
Ipirituous,  or  vinous  liquor  ;<^  when  .mucilage  is 
predominant  ,tlie  ptbduGlds  an  a(ticl;dand:if  the 
gluten  Ihoald  proVc'in'oft  abundant;  ithe  fei^ 
mentation  wrll^be:;  otf  rthe.^patrefaetii'e  kitidl 
Hence  it  is  evident,  that  vegetable  fubftances 
may .^lucceffively  experibnceorairi  the.  different 
kinds  of  fermentationv’'  ')noo  dji'i  /A 


me  V:  (.■  :vv  oififnfl'OK'fr  tU  felmM'Kt't.to  .• 

"'-When  vegeitable^ffiibffahoes,’  |3aiticuldily‘ 
charihe  inatt:eit,  "afe^mix^d  iii  proper  quantity 
with'vnter,  "aiiid'  expofed'  to'  a-'gerltre''heat}  the 
watel*  becomes  deho‘h^p'ofed’’;‘*its^d:?iyge  cblh- 
bifies  Avitii  the-tdarlibh '*of  the  ve‘;^etable,  fdrih- 
•irig  carbdhici  acid,  which  is  difeh'gaged  in  ISfge 
‘quantity^  diiHug  ^ fermentatiBh ' ; at  ■ the  fame 
time;  the’ hydfdge'h^bf  the  water,'! uniting'  with 
the  mucilage,  fofms  alkoholf ' which  being 
mixed  with  water,  and  part  of  the  carbon  of 
the  fa'dcharihe  thatter,  together  "#ith  extractive 

I • r*  • f * * ' ^ ^ 

audi colouring 'matter,  is  called  wine.  The  -'al- 
'kOhdl  may  be  feparated  from  thefe  'ihatfer^  'bv 
'diftillation  Atith'  a gentle  ’heat.  Pure  alkohol 
appears  to  be  hydrogen  in  a b’quid  ftate,  corn- 
billed  with  a fmall  quantity  of  Ccirbofl,  Avhich 
m oft  probably  caufes  its  fluidity  ; "for  we  find 
' N 3 that 
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that  the  more  we  deprive  it  of  its  carbon,  the 
nearer  it  approaches  to  the  ftate  of  hydrogen 
gas.  Ether  feems  to  be  hydrogen,  combined 
with  much  lefs  carbon.  It  is  convertible  into 
gas  with  a gentle  heat,  which  very  much  re- 
feinbles  hydrogen  gas  in  its  properties. 

' * . j-  / ^ ‘ , 1 • 

The  acid  fermentation  is  the  next  natural 
movement  which  contributes  to  reduce  vege- 
table compounds  to  more  fimple  Rates  of  coni- 
pofition.  After  vegetables  have  palfed  through 
this  Rate,  their  decompofition  continuing  un- 
der favourable  circumRances,  leads  to  the  de- 
compofition of  thelaR  principle, — the  gluten, — 
which  terminates  in  volatilizing  moft  of  their 
principles  in  the  form  of  gas;  after  this,  nothing 
remains  but  a brown  or  black  refiduum,  called 
mould,  compofed  of  carbon,  Rome  falts,  a lit- 
tle oil,  and  extradlive  matter. 

When  animal  fubRances,  deprived  of  life, 
are  expofed  to  the  air,  their  component  parts 
foon  become  altered  by  more 'fimple  attractions 
between  their  principles,  which  have  a tendency 
to  unite  two  and  two  together.  In  the  union 
of  hydrogen  and  azote  we  perceive  the  forma- 
tion of  ammoniac ; the  combination  of  carbon 

with 
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with  oxygen  'explains  the  evolution  of  car- 
bonic acid.  Nitric  acid  arifes  from  the  union  of 
oxygen  and  azote.  A quantity  of  hydrogen  is 
extricated  in  the  form  of  gas,  carrying  off  with 
it  fulphur  and  phofphoriis,  which  caufes  thp 
difagreeable  fmell  that  attends  animal  putrefac- 
tion ; nothing  now  remains  but  a portion  of 
carbon,  mixed  with  phofphat  of  foda  an4 
phofphat  of  lime. 

Hence  we  fee,  that  by  the  procefffes  of  fer- 
mentation and  putrefaction,  complex  bodies 
are  converted  into  fubftances  lefs  compound ; 
and  that  Nature  reftores,  in  the  new  combina- 
tions that  are  formed,  the  principles  the  had 
borrowed  from  the  atmofphere  for  the  formation 
of  animals  and  vegetables ; and  thus  die  ac- 
complices the  perpetual  circle  of  compofitions 
and  decompofitions,  which  demonftratcs  her 
fecundity,  while  it  announces  equal  grandeur 
and  fimplicity  in  her  operations. 

See  Fourcroy,  Chaptal,  La  Grange, 
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M the  atialyfis  of  Vegetable  fubftances 
it  appears,'  that  they  are  compofed  chiefly  of 
three  principles  ; carbon,  hydrogen,  and 'oxy- 
gen ; the  whole  of  the  woody  fibre  confifts  of 
carbon  ; the  other  parts  of  the  vegetable  con- 
fifi;  of  modifications  of  thefe  three  principles;  fo 
that  carbon  is 'the  principle  which  is  contained 
by  vegetables  in  the  greateft  quantity.  , 

♦ f 

Since  vegetables  as 'well  as  animals  will  be 
difeafed,  if  they  receive  either  too  little  or  too 
much  nourilhment,  it  is  evident  that  the  great 
bufinefs  of  agriculture  muft  be, 

1.  To  fupply  plants  with  proper  nourifli- 
ment. 


2.  To 
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2.  To  Ripply  that  nourifliment  in  proper 
quantity.  • 

i * • t * n,  . . * 

The  firft  is  accomplifhed  by 'tlie  appl  cation 
of  manures  ; the  latter  depends  upon  the  fimple 
elementaiy  earths  in  which;  plants  grow  being 
of  fuch  confiftency,  or  in  fuch  proportion,  as 
to  tranfmit  nourithment  to  plants  in  proper 
quantity.  ‘ -'i  ■ 

■ ■ 1 ) ; I . . i 

From  the  decompolition  of  water,  plants  gain 
their  hydrogen, . and  in  the  cafe  where  they  are 
not  fupplied  Arith  carbon  dkedlly  in  the  form  of 
manure,  but’  only  abforb  Avater  impregnated 
Avith  carbonic  acid,  it  is  evident’that  they  muft 
decompofe  that  acid,  and  apply  the  carbon  to 
the  formation  of  the  Avoody  fibre.  As  much  of 
the  oxygen  of  the  water  and  carbonic  acid  as  is 
necellapy  to  .for in.. the  vegetable  juices  is  re- 
tained, Avhile  the  remainder,.is  perfpired  by  the 
plant  in  the  form  of  gas,  Avhich  purifies  the  at- 
mofphere. 

There  is  no  doubti:hen  that  plants  do  obtain 
carbon  by  the  decompofition  of  the  carbonic 
acid  Avhich  is  diffolved  in  Avater  ; yet  this  fluid 
feldom  contains  a fufficieiit  quantity  of  that 
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gas  to  make  vegetables  grow  vigoroufly  and 
luxuriantly.  In  grounds,  however,  where  vege- 
tables are  not  carried  off,  but  fulFcred  to  decay, 
their  relics  afford  a fiifficient  quantity  of  car- 
bon for  the  nourifhment  of  the  future  vege- 
table; but  if  the  crops  be  taken  off,  this  car-' 
bon  will  In  a few  years  be  exhaufted ; and  if  the 
fame  crop  is  to  be  continued,  a frefli  quantity 
of  carbon  muft  be  fupplied  by  the  farmer.  Car- 
bon not  only'  forms  the  refiduum  of  all  vegeta- 
bles which  have  decayed,  or  undergone  a 
fmothered  combuftion,  but  alfo  of  all  putrid 
vegetable  and  animal  bodies  ; hence  it  is  found 
in  all  vegetable*  and  animal  bodies  that  have 
undergone  putrefadtion,  and  is  the  true  bafis 
of  their  nutritive  powers,  as  manures.  Carbon, 
however,  cannot  produce  its  beneficial  cffe^ls 
unlefs  it  be  folublc  in  water,  for  in  no  other 
flate  can  it  be  abforbed  by  the  plant.  The  pro- 
cefs  of  both  animal  and  vegetable  putrefadllon 
is  accompanied  by  that  of  oxygenation,  form- 
ing carbonic  acid,  which  is  eagerly  diflblved 
in  water,  and  abforbed  by  plants.  But  all 
vegetables,  after  death,  even  before  putrefac- 
tion, unite  with  a quantity  of  oxygen,  though 
not  fiifficient  to  convert  them  ftito  carbonic 
acid ; and  in  this  flate  they  form  excellent  ma- 
im re 
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nures,  for  though  th<sy  are  then  in  a great  mea-  . 
fare  infoluble,  yet  when  fpread  upon  the  fur- 
face  of  the  ground,  they  are  by  the  a6lion  of 
air  and  water  converted  into  caibonic  acid. 

To  this  procefs  of  partial  oxygenation,  the 
continuance  of  vegetable  matter  on  the  furface 
of  the  earth  is  to  be  chiefly  aferibed. 

Having  fliown  what  is  the  proper  food  of 
plants,  and  that  if  tjiey  be  fupplied  with  water 
and  carbon,  and  expofed  to  the  influence  of 
light,  which  aflifts  in  the  decompofition  of  the 
water  and  carbonic  acid,  they  will  grow  and 
live ; I lhall  next  take  a fliort  view  of  the 
nature^.of  foils,  or  the  mixture  of  the  Ample 
earths  moft  proper  for  tranfmitting  thefe  nutri- 
tive principles  to  vegetables.  , 

The  earths  in  which  vegetables  grow  confift 
chiefly  of  a mixture  of  calcareous,  fdiceous,  and 
argillaceous  earth,  which  do  not  afford  any 
nourifliment  to  the  vegetable  ; but  when  mixed 
in  proper  proportions,  they  retain  and  tranfmit 
the  nourifliment  as  it  is  wanted.  Without  fuch 
a precaution,  plants  would  have  been  expofed  to 
the  dreadi'ul  alternative  of  being  either  parched 

up 
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up  by  beat,  or  clekiged  M’ith  water.  The  fame 
foil,  or  mixture  of  fimple  earths, . Avill  not,'*bbw- 
eveiV  fuit  every  plant,  but  ought  to  be  varied 

4 

according  as  a plant  has  need  of  a greater  or  lefs 
quantity  of  Avater,  and  according  as  it  is  necef- 
fary  for  its  foots  to  extend  to  a greater  or  lefs 
diilance. ' f'.l 

. ! J . '••***  ^*  * . j it  i 

A foil  proper  for  vegetation  ought  to  poffefs 
the  following  properties:'  Firff,  it  fhould'be 
bf  fuch  a cohfiftence  as  .to 'afford  a firm  inecha- 

• * * f.  , 

nical  fupport  to  the  plant'  Second,"  it  lliould 
be  fuch  as  to  filffer  the  rbots  of  the  plant  to’e^- 
tend  with  eafe  to  a proper  diflahce.  Third,  ^it 
fhould  be  enabled  to- retain  a* fiifficieht  decree  of 
humidity’ to ‘fupply  the  demartds  of  the  plaiit. 

■ j j , I i e * ' . - i jifi  ■ 

* ; • 

In  order  to  obtain '^thefe  properties,* ‘ut  is 
weceffary  that  the  elementary  earths  fliould  be 
mixed  together 'in  proper  proportion,  for  none 
of  them  is  alone' poffefied  of 'the  qualities  re- 
quired. Hence,  likewife,  we  fee  the  neceffity 
of  being  acquainted  with  the*  chemical  proper- 
ties of  a foil,  before  we  can  ameliorate  it  by 
tillage.  The  method  of  analyzing  different  foils 
is  particularly  pointed  out  in  the  lecture.  In 
afeertaining  the  proportions  of  the  fimple  earths, 

in 
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ill  order  to  form  the  moft  fertile  foil,  regard 
muft,  hoiv^ever,  be  had  to  the  quantity  of  rain 
which  falls  ; for  it  is  evident,  that  where  the 
fall  of  rain  is  great,  the  foil  ought  to  be  fuch  as 
not  to  be  very  retentive  of  moifture,  and  the 
contrary.  lienee  we  fee  the  necetfity  of  meteo- 
rological obfervations  to  the  farmer. 

M.  Tillet  has  fliown,  that  the  moft  fertile  foil 
for  wheat,  in  flat  countries,  ivhere  a moderate 
quantity  of  rain  falls,  is  compofed  of  3-8ths  of 
argil,  2-8ths  of  fand,  and  3-8ths  of  calcareous 
earth. 

As  a component  part  of  foils,  iron  muft  not 
pafs  unnoticed,  as  it  feems  to  promote  the  folu- 
tion  of  carbon.  The  iron  exifts  in  the  ftate  of 
an  oxyd,  the  oxygen  of  which,  combining  with 
the  carbon  of  the  manure,  forms  carbonic  acid. 
When  the  carbon  is  exhaufted,  the  iron  ao-ain 
oxydates,  and  is  then  in  a condition  to  a6l,  as 
before,  on  frefli  carbon  which  is  fpi-ead  on  the 
ground.  ■ ' * 

- Paring  and  burning  ought  to  bepra6lifed  with 
judgment,  for  there  are  only  fome  foils  which 
will' bear  it,  as  nothing  exhaufts  the  foil  fo 
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quickly  as  this  operation.  Some  lands  may, 
however,  be  benefited  by  it ; fiich  as  peaty 
grounds,  or  foils  covered  witli  a fward  of  un- 
profitable herbage,  and  containing'  a fuperabun- 
dance  of  vegetable  matter.  The  combuftion 
fliould  be  conducted  in  as  How  and  fmothered  a 
manner  as  polTible,  that  the  carbon  may  not 
he  confumed. 

Great  improvements  have  been  lately  made 
in  the  cultivation  of  mofs  lands  : the  mofs  is 
firft  drained,  and  then  its  furface  mixed  with 
lime,  Avhich  renders  the  carbonaceous  matter 
foluble,  and  thus  fupplies  the  feeds  of  the  vege- 
tables fowl!  in  this  ground  with  abundant 
nouriflmient.  Moffes,  when  treated  in  this  man- 
ner, inftead  of  being  barven,  are  very  produc- 
tive, and  almoft  inexhauftiblc. 

In  fome  countries,  gypfum,  or  fulphat  of 
lime,  is  employed  as  a manure,  but  is  not 
much  ufed  in  this  ifland  ; it  feems  to  a6t  more 
as  a feptic,  in  promoting  the  deftru6lion  of 
vegetable  matters,  and  confequently  the  folu- 
bility  of  carbon,  than  as  affording  any  nourifli- 
merit  to  vegetables;  and  hence  it  is  not  ploughed 
in  like  other  manures,  but  only  Itrewed  upon 
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the  land,  and  generally  in  the  month  of  Febru- 
ary, to  convert  the  old  grafs  quickly  into  car- 
bon, that  it  may  nourifli  the  young. 

It  has  lately  Leen  found  that  fteeping  feeds 
in  the  oxygenated  muriatic  acid  had  a par- 
ticularly good  effect  in  producing  vigorous 
and  early  plants;  and  that  the  fame  liquor, 
poured  upon  the  ground,  has  likewife  a bene- 
ficial etfeft.  The  oxygen  here  promotes  the 
folution  of  the  carbon.  This  fubje6l  deferves 
farther  inveftigation. 

See  Kirwan  on  Manures. — Dundonald  on  Agriculture. — 
Senebier  Surla  Phyfiologie  Vegetale. — Tennant,  Phi- 
lof.  Tranf. — Hales. — Encyclopoedia  Britannica,  Art. 
Vegetation. — Percival’s  Eflays. — Young’s  Annals. — 
Communications  of  the  Board  of  Agriculture. — Mar- 
fhall’s  Experiments  and  Obfervations  concerning  Agri- 
culture and  the  Weather. — Darwin’s  Phytologia. — 
Karnes’s  Gentleman  Farmer. 
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A N account  is  iirft  given  of  the  old  method 
of  bleaching  cottons  and  linens,  and  the  com- 
mon modes  of  bleaching  woollens  and  filks, 
which  are  well  known.  The  greateft  improve- 
ment that  has  been  made  in-  bleaching,  is  that 
by  M.  Berthollet,  by  means  of  the  oxygenated 
muriatic  acid. 

Scheele  M-as  the  firft  who  introduced  this  acid 
to  our  acquaintance,  and  obferved  the  effects 
which  it  produces  on  the  colouring  parts  of  ve- 
getables; but  it  was  Berthollet  who  firft  thought 
of  applying  it  in  an  extenfive  way  to  the  pur- 
pofes  of  bleaching. 

Scheele  thought  tliat  the  oxygenated  muriatic 
acid  gas,  procured  by  diftilling  muriatic  acid 
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from  manganefc,  poffelied  but  little  folubllity  in 
water;  but  Beithollet  found,  that  it  may  ealily 
be  dilTolved  in  large  quantity  in  that  fluid. 

/ 

I 

If  vegetable  bodies  of  dilferent  colours  be 
plunged  into  tbe  oxygenated  muriatic  acid,  their 
colours  difappearmore  or  lefs  fpeedily  andperfe6t- 
ly ; when  the  fubftance  polfeffes  a mixture  of 
dilferent  colouring  parts,  fome  difappear  more 
eafily,  and  leave  only  thofe  which  moll  efle^lu- 
ally  refill  the  power  of  this  agent,  but  have, 
neverthelefs,  Tulfered  conliderable  alteration. 
The  yellow  colourino;  matters  ufually  refill  the 
moft  llrongly,  but,  at  length,  they  all  difap- 
pear; and  when  the  oxygenated  muriatic  acid 
has  exerted  its  whole  abfion,  it  is  found  reduced 
to  the  Hate  of  ordinary  muriatic  acid.  Hence 
it  appears,  that  the  colouring  matters  have  de- 
prived it  of  its  oxygen,  and  have  by  this  com- 
bination acquired  new  properties,  at  the  fame 
time  they  have  loll  that  of  producing  colours. 
From  this  it  was  not  unnatural  to  conclude, 
that  this  liquor  might  produce  the  fame  effe6l  , 
upon  thofe  fubllances  which  colour  cotton  and 
linen,  and  which  it  is  the  bufiriefs  of  the  art  of 
bleaching  to  dellroy. 
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M.  Berthollet  firft  tried  the  effedts  of  this  acid, 
without  any  previous  preparation  of  the  fub- 
ftances  to  be  bleached;  but  he  foon  found,  that 
though  he  fucceeded  in  bleaching  his  cloth 
without  injuring  it,  yet  it  became  yellow  by 
keeping:  his  refledlions  were  therefore  direfted 
to  the  circumftances  of  the  ufual  procefs  of 
bleaching,  which  he  endeavoured  to  imitate. 

The  expofure  of  cloth  to  air,  in  bleach-grounds, 
will  not  bleach  it,  for  it  only  combines  the  co- 
louring matters  with  oxygen,  which  renders 
them  foluble  in  alkaline  lixivia;  the  oxygenated 
muriatic  acid,  by  imparting  its  oxygen,  pro- 
duces the  fame  effe6l  in  a few  hours,  which  is 
produced  by  expofure  to  the  air  for  a very  long 
time:  he  therefore  tried,  alternately,  the  im- 
merfion  in  oxygenated  muriatic  acid  and  alka*« 
line  lixivia,  and  fucceeded  perfectly  in  produc- 
ing a permanent  white.  This  mode  of  bleach- 
ins:  has  fmee  come  into  conlidcrable  ufe,  and 
is  undoubtedly  a very  great  improvement. 
Cloths  which  required  a long  time  to  bleach 
them,  may  be  now  completely  linilhed  in  a few 
days;  the  new  mode  of  bleaching  may  be  car- 
ried on  in  winter  nearly  as  well  as  in  fummer; 
and  thofe  fertile  meadows,  which,  during  the 
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fineft  and  moft  produClive  part  of  the  year  are 
covered  with  cloth,  may  be  fiibje<5ted  to  agri- 
culture. 

Tlie  colouring  matter,  which  it  is  the  object 
of  the  bleacher  to  deftroy,  appears  to  be  an  in- 
foluble  oxyd  of  carbon ; and  the  oxymuriatie 
acid  feems  to  a6l,  by  converting  this  matter 
into  carbonic  acid,  and  thus  rendering  it  folu- 
ble  in  the  cauftic  alkaline  lixivium: — and  in 
confirmation  of  this  we  find,  that  the  alkali, 
after  it  has  been  ufed,  is  combined  with  fome 
carbonic  acid. 

The  oxymuriatic  acid  is  likewife  ufed  to  bleach 
wax,  engravings,  and  paper. 

The  oxygenated  muriatic  acid  was  at  firft 
procured  by  diftilling  the  muriatic  acid  from , 
manganefe,  in  Woiilfe’s  apparatus;  but  as  foon 
as  M.  Berthollet  had  reafon  to  hope  that  the 
procefs  might  be  executed  in  the  large  way,  he 
endeavoured  to  diminifh  the  price  of  the  liquor, 
by  decompofmg  muriat  of  foda,  or  common 
fait,  in  the  fame  operation  which  ferved  to  form 
the  liquor;  which  he  did,  by, mixing  together, 
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in  the  retort,  common  fait,  • and  the  black  oxyd 
of  manganefe,  and  pouring  upon  the  mixture 
diluted  fulphuric  acid,  which  expels  the  muri- 
atic acid  from  the  foda  in  the  form  of  gas, 
which  gas,  attra6ling  oxygen  from  the  manga- 
nefe, comes  over,  and  is  dilfolved  by  the  water 
in  the  receiver.  The  proportions  directed  by 
Berthollet  are  fix  parts  of  powdered  oxyd  of 
manganefe,  fixteen  of  fea-fait,  and  twelve  of 
concentrated  fulphuric  acid,  diluted  with  an 
equal  quantity  ofwater.  In  order  to  judge  of 
the  ftrength  of  the  oicygenated  muriatic  acid, 
a folution  of  indigo  in  the  fulphuric  acid  may  be 
ufed.  Mr.  Watt  recommends,  for  the  fame  pur- 
pofe,  a folution  of  cochineal  in  water. 

If  the  oxymuriatic  acid  be  alone  ufed  to  dif- 
charge  the  colour,  the  texture  of  the  goods  is 
frequently  injured;  for,  after  the  oxygen  has 
exerted  its  effedls  on  the  colouring  matter,  the 
muriatic  acid  will  attack  the  cloth,  and  diminidi 
its  ftreno'th:  on  this  account,  it  has  been  ufual 
to  combine  the  oxymuriatic  acid  with  potafli, 
which,  engaging  the  muriatic  acid,  leaves  the 
oxygen  at  liberty  to  dellroy  the  colouring  mat- 
ter. Lime  anfwers  the  purpofe  Rill  better  than 
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potafh;  and  the  oxymuriat  of  lime,  diluted  with 
water,  is  the  liquor  now  moft  generally  ufed  in 
bleaching. 

The  apparatus  for  procuring  the  oxygenated 
muriatic  acid  has  been  much  improved  by  dif- 
ferent bleachers  and  chemHls,  and  is  now  very 
convenient.  The  moft  approved  machines  for 
this  purpofe  are  defcribed  in  the  lecture. 

r 

See  Berthollet’s  Defcription  du  Bknchiment  des  Toiles  et 
des  Fils  par  FAcide  Muriatique  Oxigene,  &c. — Jour- 
nal de  I’Ecole  Polytechnique.— Cahier  3'’®.  p.  389. — * 
Dr.  W.  Higgins’s  Theory  and  Praftice  of  Bleachlhg. 
■rr-Pajot  des  Charmes’  Art  of  Bleaching. 
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Dyeing  is  the  art  of  tinging  cloth,  ftuS 
or  other  matters,  with  a permanent  colour, 
which  penetrates  its  fubftance.  ^ It  is  an  art  of 
very  great  antiquity,  and  is  more  or  lefs  prac- 
tifed  in  almoft  all  nations,  whether  civilized  or 
favage. 

The  moft  remarkable  general  fa6t  in  the  art  of 
dyeing,  confifls  in  the  different  degrees  of  faci- 
lity with  which  animal  and  vegetable  fubflances 
attradl  and  retrain  colouring  matter;  or  the  de- 
gree of  facility  with  which  the  dyer  can  tinge 
them  with  any  intended  colour. 

The  fubftances  to  be  operated  on  by  the  dyer, 
are  animal  or  vegetable,  of  which  the  former  are 
much  more  eafily  dyed  than  the  latter;  and  this 
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feems  chiefly  to  depend  on  .the  difference  of  their 
conflituent  parts.  The  chief  chemical  difference 
between  animal  and  vegetable  fubftances  is,  that 
the  former  contain  only  a finall  portion  of  car- 
bon, which  is  the  moft  fixe4  elementary  fub- 
ffance,  and  a large  quantity  of  hydrogen  and 
azote,  both  of  which  are  very  volatile;  while 
vegetables  contain  a very  large  portion  of  car- 
bon, lefs  hydrogen,  and,  in  general,  no  azote; 
and  as  the  azote  and  hydrogen  readily  aflume 
am  elaftic  form,  of  Avliich  carbon  is  incapable, 
the  wool,  hair,  and  filk,  in  which_  thefe  fub- 
ftances abound,  have  lefs  adhefion  between  their 
conftituent  parts,  than  what  exifts  between  thofe 
of  cotton,  linen,  8cc.  and  are,  therefore,  more 
ftrongly  difpofed  than  the  latter  to  combine  with 
other  fubftances,  when  heated  and  brought  into 
conta6t  with  them ; and  it  is,  probably,  in  confe- 
quence  of  this  difpofition,  that  wool,  hairs,  and 
filk,  manifeft  ffranger  affinities  or  attractions  for 
colouring  matters,  than  cotton  and  linen  ; it 
being  well  known  to  dyers,  that  cotton  and  linen 
will  neither  of  them  receive  any  colour  by  the 
fame  preparation,  or  in  the  fame  liquor  which 
dyes  wool,  or  woollen-cloth,  fcarlet.  Wool 
and  filk  are  alfo  more  readily  decompofed,  or 
injured  by  acids,  alkalies,  and  other  chemical 
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agents,  which  ought,  therefore,  to  be  more 
fparingly  iifed  in  the  dyeing  of  animal,  than  of 
vegetable  fubftances. 

Wool  is  naturally  fo  much  difpofed  to  combine 
with  colouring  matter,  that  it  requires  but  little 
preparation  for  the  immediate  procefs  of  dyeing; 
but  filk  muft  firft  be  freed  from  a kind  of  varnilh 
with  which  it  is  covered,  by  boiling,  either  in 
pure  water,  or  a very  weak  folution  of  alkali; 
it  muft  then  be  bleached,  by  expofure  to  the 
fumes  of  fulphur.  Cotton  and  linen  are  cleared 
of  their  tinging  matter  by  boiling  them  in  a fo- 
lution of  fixed  alkali;  they  are  then  to  be 
bleached,  either  by  expofure  to  the  air  and  folar 
light  on  bleach  grounds,  or  by  immerfion  in  the 
oxygenated  muriatic  acid.  The  fluff  being 
thus  bleached,  will  not  only  imbibe  the  colour- 
ing matter  of  the  dye  more  readily,  but  being 
rendered  whiter,  is  more  capable  of  reflecting 
the  light  that  falls  upon  it  through  the  colouring 
matter,  and  thus  exhibits  more  brilliant  tints. 

'In  general,' the  particles  of  cotton  and  linen 
have  little  attraftion  for  the  colouring  matters, 
and  therefore  could  not  be  dyed  but  by  means 
of  intermediate  affinity.  The  fiibftance  to  be 
1 dyed 
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dyed  muft  firft  be  impregnated  with  a fubhance 
which  has  an  attraftion  both  for  it  and  for  the 
colouring  matter  ; and  then,  v/hen  the  latter  is 
applied,  it  will  adhere  to  it  firmly.  Thefe  in- 
termediate or  connecting  fubfiances  have  been 
called  mordants,  orbafes;  the  moll  remarkable 
are  argil,  and  feme  metallic  oxyds. 

If  the  bafe  be  univerfally  applied  over  the 
piece  of  goods,  and  this  be  afterwards  immerfed 
in  the  bath,  it  will  receive  a permanent  tinge 
over  its  whole  furface ; but  if  it  be  applied  only 
in  parts,  the  dye  will  ftrike  thofe  parts  only. 
The  former  procefs  conftitutes  the  art  of  dyeing, 
properly  fo  called;  and  the  latter,  the  art  of 
printing,  Raining,  or  painting. 

In  the  art  of  printing,  the  mordant,  or  bafe, 
(which  generally  confifts  of  argil,  or  iron)  is 
mixed  with  gum,  and  applied  by  means  of 
blocks,  or  wooden  engravings  in  relief.  The 
piece  is  then  immerfed  in  a folution  of  cow’s 
dung,  which,  among  other  eifeCls,  fe'ems  to  aCt 
by  covering  thofe  parts,  to  which  the  bafe  has 
not  been  applied,  with  a mucilaginous  matter, 
which  renders  them  lefs  capable  of  receiving 
the  dye.  The  colours  are  then  brought  out  in 
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a bath,,  filled  \vith  fuitable  compofitiorts ; very 
often  a deco6lion  of  madder  is  ufed,  and  when 
this  is  the  cafe,  if  an  argillaceous  bafis  has  been 
applied,  the  M-hole  will  come  out  of  a red  colour. 
With  the  piece  in  this  Rate,  the  printer  has  only 
to  avail  hlinfelf  of  the  difference  between  a fixed 
and  fugitive  colour.  He  therefore  boils  the 
piece  in  bran,  or  brewer’s  grains,  which  take  up 
part  of  the  colour  ; and  then  the  common  mode 
of  bleaching  takes  away  the  remainder  from  all 
parts,  excepting  thofe  to  which  the  bafe  has 
been  applied,  which  will  continue  of  a perma- 
nent red.  If  the  bafe  be  iron,  then  the  part 
printed  will  be  black ; but  if  it  be  a mixture  of 
argil  and  iron,  the  permanent  colour  will  be 
purple;  and  it  is  evident,  that  by  printing  the 
fame  piece  with  thefe  bales,  both  feparate  and 
mixed,  the  three  colours  will  be  produced  by 
the  bath. 

In  order  to  form  the  argillaceous  bafe,  fulphat 
of  alumin  is  mixed  with  acetite  of  lead.  In 
this  cafe  a double  decompofition  takes  place. 
The  fulphuric  acid,  ^uniting  with  the  lead,  forms 
fulphat  of  lead,  which  is  precipitated,  and 
thrown  away,  and  the  acetite  of  alumin  being 
formed  of  a proper ' confiftence,  by  means  of 

ftarch, 
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ftarch,  or  gum,  is  applied  by  the  blocks ; the 
piece  is  then  expofed  to  a fufficient  heat  to  drive 
off  the  acetous  acid. 


The  iron  bafis  is  formed  by  acetite  of  iron ; 
and  the  acetous  acid  is  likewife  driven  off  by 
heat. 

The  materials  for.dyeing  are  very  numerous; 
fome  produce  durable  colours,  which  cannot  be 
difcharged  either  by  expofure  to  the  air,  or  by 
wathing  with  foap;  others,  though  they  will 
ftand  the  a6lion  of  foap,  cannot  refill  that  of  the 
air.  The  mofl  permanent  dyes  we  have  are 
cochineal  and  gum  iac  for  fine  reds  and  fcarlets; 
indigo  and  woad  for  blues ; and  thefe  laft,  when  ' 
mixed  with  different  proportions  of  the  others, 
for  purples  and  violets;  weld,  and  fome  vege- 
tables, for  yellows  ; and  madder  for  coarfe  reds, 
purples,  and  blacks.  The  fading  colours  are 
much  more  numerous;  in  this  clafs  are  included 
log-wood,  Brazil-wood,  peach-wood,  red-wood, 
fuflic,  archil,  &c. 

Indigo  mufl  firfl  be  deoxydated  by  means  of 
orpiment,  or  fugar  ; it  then  becomes  foluble  in 
the  bath ; but  the  fubflance  dyed  by  it  comes 
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out  of  a green  colour,  which  foon  changes  to 
a blue  by  the  abforption  of  oxygen  from  the 
atmofphere.  Sulphat  of  indigo  dyes  the  faxon 
blue: — the  Quercitron  bark  is  now  much  ufed 
ill  dyeing  and  printing. 

There  is  no  art  which  depends  fo  much  on 
chemiftry  as  dyeing,  yet  its  principles  are  by  no 
means  well  eftablilhed;  neither  are  the  fa6ls 
connected  by  a fatisfacfory  theory;  but  as  che- 
mifts  are  now  become  dyers,  and  dyers  chemifts, 
we  may  hope  that  this  art  will  foon  affume  a 
more  fcientific  form. 

See  Berthollet  on  Dyeing. — Encyclopaedia  Britanica, 
Art.  Dyeing. — Bancroft’s  Experimental  Refearches 
concerning  the  Philofophy  of  Permanent  Colours,  and 
the  bed  Means  of  producing  them  by  Dyeing,  Calico- 
printing,  &c. — The  Art  of  Dyeing,  tranflated  from 
the  French  of  M.  Hellot.— -Macquer,  & de  Pileur 
. D’Apligny. 
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In  the  inveftigation  and  analyfis  of  mineral 
waters,  the  fenfible  qualities  are  firfl;  to  be  care- 
fully obferved;  thefe  are  by  no  means  circum- 
flances  of  indifference;  for  they  will  ferve  to  in- 
dicate the  proceffes  we  are  to  ufe,  and  fave  much 
trouble.  The  phyficial  properties,  fuch  as  fpe- 
cific  gravity,  temperature,  &c.  ought  then  to 
be  well  afcertained.  When  thefe  circumftances  » 
have  been  obferved,  we  mull  examine  the  water 
by  chemical  tefls,  or  precipitants. 

In  order  to  afcertain  whether  the  water  con- 
tains any  iron,  a little  tincture  of  galls,  or 
pruffiat  of  potafh,  -muft  be  dropped  into  fome  of 
it,  and  if  a purple  or  blue  colour  be  produced, 
we  may  be  affured  that  it  does  contain  iron. 
The  next  objedt  is,  to  afcertain  whether  this 
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metal  be  fufpended  by  the  carbonic  acid,  or  by 
fome  of  the  more  fixed  acids ; which  may  be 
done  by  boiling  it  for  a fliprt  time,  and  then 
examining  it  by  the  fame  tefts.  If  it  ftill  changes 
colour,  the  iron  is  fufpended  by  a fixed  acid. 

The  prefence  of  carbonic  acid  may  be  afcer- 
tained  by  tindture  of  turnfole.  This  teft  like- 
wife  difcovers  the  prefence  of  any  other  acid, 
and  it  may  be  determined  whether  it  be  the  car- 
bonic or  any  other  acid,  by  boiling  the  water. 

Paper  dipped  In  an  infufion  of  red  cabbage 
is  a delicate  teft  of  the  prefence  of  both  acids 
and  alkalies,  the  former  of  which  turn  it  red, 
and  the  latter  green.  Paper  on  which  charac- 
ters have  been  Avritten  with  a folution  of  ace- 
tite  of  lead  is  a teft  of  the  prefence  of  fulphu^ 
rated  hydrogen  gas.  The  prefence  of  the  ful- 
phuric  acid  is  afcertained  by  muriat  of  barytes ; 
that  of  lime,  by  the  oxalic  acid ; and  of  alkalies, 
by  the  aqueous  infufion  of  Brazil  wood. 

By  means  of  thefe  precipitants,  varied  in  a 
proper  manner,  we  fiiall  be  enabled  to  form  a 
judgment  of  the  nature  of  the  contents  of 
a mineral  water,  which  Avill  greatly  facilitate 
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the  analyfis,  and  prevent  many  unneceffary 
trials. 

/ 

The  next  thing  to  be  done,  is  to  afcertaln 
the  nature  and  quantities  of  the  aeriform,  or 
elaftic  fluids  which  thefe  waters  contain.  Thefe 
gafes  may  be  befl  procured  from  the  waters  by  ' 
means  of  a Ample  machine,  defcribed  in  an  eflay 
publiflied  by  the  author  on  the  Crefcent  water 
at  Harrogate.  When  the  quantity  of  gas  pro- 
cured has  been  accurately  riieafured,  the  dif- 
ferent kinds  inufl  be  feparated  from  each  other. 

When  carbonic  acid  and  azotic  gas  are  mixed 
together,  if  they  be  agitated  over  water,  that 
fluid  will  abforb  the  former,  but  not  the  latter  ; 
fo  that  the  quantities  of  each  may  be  afcertain- 
ed.  Wlien  the  water  contains  carbonic  acid, 
fulphurated,  hydrogen,  and  azotic  gas,  the 
bulk  of  the  whole  mull  firfl  be  afcertained. 
Some  frefh  water  is  then  to  be  put  into  the  ma- 
chine, and  a quantity  ,of  quicklime  added  to  it, 
which  will  abforb  the  carbonic  acid  gas,  and 
its  quantity  may  be  afcertained,  by  fubtra6ting 
thef  remainder  procured  by  the  machine  from 
the  whole  quantity  at  firfl;  procured.  What  re- 
mains is  a mixture  of  fulphurated  hydrogen  and 
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azotic  gas,  the  former  of  which  may  be  feparated 
from  the  latter  by  agitation  over  water,  and 
their  refpe6tive  quantities  afcertained.  In  the 
analyfis  of  fulphureous  waters,  the  fulphiirated 
hydrogen  gas  ought  always  to  be  feparated  be- 
fore we  evaporate  them  ; otherwife,  during  the 
evaporation,  part  of  the  fulphur  depofited  by 
this  gas,  on  its  union  with  the  oxygen  of  the 
atmofphere,  is  converted  into  fulphuric  acid, 
which  greatly  changes  the  -nature  of  the  falts 
contained  in  the  water. 

The  next  ftep  in  the  analyfis,  is  to  evaporate 
a confiderable  quantity  of  the  water,  in  order  to 
> afeertain  the  folid  contents.  The  water  fliould 
firft  be  made  to  boil  gently,  that  the  gafes  may 
be  expelled  ; the  matters  which  they  held  in  fo- 
lution  will  then  be  precipitated,  and  may  be  col- 
ledled  by  filtration  ; the  remainder  of  the  water 
muft  then  be  evaporated  flowly  to  drynefs,  and 
the  refiduum  colledted  and  weighed. 

This  refiduum  is  then  to  be  put  into  a phial, 
and  alkohol  poured  over  it  to  the  height  of  an 
inch ; it  muft  be  well  lliaken,  and,  after  ftanding 
a few  hours,  muft  be  filtered.  The  alkohol  dif- 

folves  the  deliquefeent  falts,  fuch  as  muriat  of 
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lime  and  nuiriat  of  magnefia,  but  will  not  touch 
fuch  as  are  not  deliquefcent.  To  the  refiduuin, 
not  foluble  in  the  alkohol,  is  to  be  added  eight 
times  its  weight  of  cold  diftilled  water ; the 
mixture  muft  be  diaken,  and,  after  flanding  a 
few  hours,  mull  be  filtered.  The  refiduuin  mull 
next  be  boiled  for  half  an  hour,  in  dOO  times 
its  Aveight  of  diftilled  water,  and  afterwards  fil- 
tered. What  remains  is  now  infoluble  either  in 
alkohol  or  water,  and  generally  confifts  of  argi- 
laceous  or  filiceous  earths,  which  may  be  eafily 
feparated  from  each  other,  and  their  quantities 
afcertained.  The  folution  made  by  boiling  in 
diftilled  water  contains  chiefly  fulphat  of  lime, 
the  quantity  of  which  may  eafily  be  afcertained 
by  evaporation. 

We  muft  next  examine  the  fpirituous  folu- 
tion,  vdiich,  as  Avas  before  obferved,  contains,  in 
general,  muriat  of  lime  and  muriat  of  magnefia; 
this  lolution  muft  be  evaporated  to  drynefs,  and 
Aveighed.  Diluted  fulphuric  acid  is  then  to  be 
poured  on  the  fait,  which  will  not  only  fliOw  the 
prefence  of  the  muriatic  acid,  by  the  white  fumes 
difengaged,  but  Avill  unite  with  the  lime  and 
magnefia,  forming  fulphats  with  thefe  earths ; 
the  latter  of  Avhich  is  foluble,  but  the  former 
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poflefles  very  little  folubillty  ; in  confequence  of 
which  they  can  be  eafily  fepaiatecl,  and  the 
quantities  of  miiriat  of  lime  and  muriat  of  mag- 
nefia  eafily  afeertained,  when  tlie  quantities  of 
fulphat  of  lime  and  magnefia  are  known. 


Tile  folution  made  in  cold  diftilled  water  is 
next  to  be  examined,  and  cryftallization  at- 
tempted ; which  will  enable  us,  with  the  affift- 
ance  of  proper  tefts,  to  afeertain  both  the  n 
and  quantity  of  each  fait  which  it  contaL^'^  ^ 


, j 


When  a water  has  been  thus  analyzed, 
muft  next  confirm  our  analytical  proof 
thefis,  and  if  we  can  procure  a water  perfe 
fimilar  to  the  water  ive  have  examined,  we  may 
reft  fatisfied  with  our  analyfis. 


When  a water  contains  lime,  dilfolved  cither 
by  the  fulphuric,  carbonic,  or  any  other  acid  in 
confiderable  quantity,  it  is  jnuch  lefs  fit  for  ob- 
taining extradts  from  folid  fubflance,  for  brew- 
ing, diftilling,  preparing  decodtions  of  coffee, 
or  infufions  of  tea,  and  many  other  ufes  than 
pure  water,  and  is  ufually  denominated  hard. 
Such  water  is  likewife  more  or  lefs  unfit  for 
walliing  linen,  partly  becaufe  it  will  not  eafily 
1 diffolvc 
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tlUr®lve  the  greafy  matters,  but  chiefly  becaufe 
it  clecompoles  Ibap.  For  thefe  reafons,  hard 
Avaters  are  totally  ufeleE  in  bleaching,  and  are 
unfit  for  boiling  peafe,  beans,  and  other  pulfe. 

The  lime  in  hard  waters  is  generally  fufpended 
by  the  fulphuric  and  carbonic  acids.  Oxalic 
acid  will  llioAV  the  prefence  of  lime  ; muriat  of 
barytes  that  of  fulphuric  acid,  and  lime  Avater, 
or  tindure  of  turnfole,  that  of  the  carbonic 


■ If  carbonat  of  lime  renders  the  water  hard, 
it  may  be  purified  by  boiling,  which  drives  olf 
the  carbonic  acid,  and  the  carbonat  of  lime 
fufpended  by  it  Avill  be  precipitated ; but  Avhen 
it  is  caufed  by  fulphat  of  lime,  a fixed  alkali 
muft  be  added,  which  precipitates  the  earthy 
bafe ; for  this  purpofe  a folution  of  common 
potafli  may  be  poured  into  a given  quantity  of 
the  water  as  long  as  it  oceafions  any  turbidnefs, 
and  after  the  precipitate  has  fubfided,  Ave  may 
ftill  try  Avhether  the  alkali  Avill  precipitate  any 
more  lime ; in  this  Avay  Ave  may  determine  the 
quantity  of  alkaline  fait  Avhich  a given  quantity 
of  water  requires  for  its  corredion  ; and  when 
once  this  is  done,  Ave  can  put  the  proper  quan- 
tity 
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tity  of  the  fait  into  the  water,  let  it  ftand  a few 
hours,  then  decant  the  liquor  from  the  fedi- 
ment,  and  it  will  be  fit  for  wafliing,  or  any 
common  purpofes.  Putrid  waters  are  heft  puri- 
fied by  agitating  them  in  contact  with  charcoal, 
which  may  be  eafily  done  at  fea,  and  will  render 
them  perfectly  fweet ; if  the  infides  of  the  M'ater 
catks  be  pre\  ioufly  charred,  they  will  preferve 
the  water  fweet  for  a long  time. 

See  Bergman’s  EfTays. — Klrwan  on  the  Analyfis  of 
Mineral  Waters. — Fourcroy  and  Delaporte’s  Annalyfe 
Chimique  de  I’Eau  d’Engheiq. 


THF  END, 


Printed  by  G.  Woodtiill,  PaterBoftcr-Rovv,  London. 
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